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METHOD OF CONTROLLING 
TRANSMISSION POWER IN A CELLULAR 
TYPE MOBILE COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to a cellular type mobile commu- 
nication system where a mobile station carries out commu- 
nication with one or more base stations installed in a service 
area and, in particular, to a method of controlling transmis- 
sion power in the cellular type mobile communication 
system where each base station carries out control of the 
transmission power in accordance with a control command 
for the transmission power that the mobile station transmits. 

As is well known in the art, various multiple access types 
have been adapted in a mobile communication system. One 
of the multiple access type is a CDMA (code division 
multiple access) cellular type. The CDMA cellular type 
mobile communication system assigns to each channel with 
a particular code, transmits to the same repeater a modulated 
wave to which a carrier having the same carrier frequency is 
spectrum-spread with the code, establishes code synchroni- 
zation in each receiving side, and identifies a desired chan- 
nel. The CDMA cellular type mobile communication system 
may be called a SSMA (spread spectrum multiple access) 
cellular type mobile radio communication system. 

In as much as a plurality of channels use the same 
frequency in the CDMA cellular type mobile communica- 
tion system, a received wave power (a desired wave power) 
of a signal in a channel becomes an interference wave power 
for other channels. Accordingly, in a reverse link or an 
upward channel through which the mobile station transmits 
an upward channel signal and each base station receives the 
upward channel signal, when the desired wave power is 
equal to a predetermined reference power or more, a channel 
capacity decreases because the interference wave power 
increases. To prevent this, it is necessary to severely control 
transmission power of the mobile station. The transmission 
power control for the reverse link is carried out as follows. 
That is, the base station measures the desired wave power of 
the upward channel signal and compares the desired wave 
power with a control target power. When the desired wave 
power is larger than the control target power, the base station 
transmits a reverse control command indicating decrement 
of a reverse transmission power to the mobile station. When 
the desired wave power is smaller than the control target 
power, the base station transmits the reverse control com- 
mand indicating increment of the reverse transmission 
power to the mobile station. The mobile station decreases or 
increases the reverse transmission power for the upward 
channel signal in accordance with the reverse control com- 
mand. This method of controlling the reverse transmission 
power is described in U.S. Pat. No. 5,056,109 which is 
issued to Gilhousen et al. on Oct. 8, 1991 in detail and which 
has a title of "Method and apparatus for controlling trans- 
mission power in a CDMA cellular mobile telephone sys- 
tem." In order to transmit the reverse control command in 
this transmission power control, a forward link or a down- 
ward channel through which the base station transmits a 
downward channel signal to the mobile station is used. 

On the other hand, a large channel capacity is realized in 
the forward link by carrying out a forward link transmission 
power control so that a ratio of the desired wave power to the 
interference wave power or a signal-to-interference ratio 
(SIR) has a predetermined value. The transmission power 
control for the forward link is carried out as follows. TTiat is, 
the mobile station measures a reception quality for the 
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forward link and compares the reception quality with a 
control target quality. When the reception quality is higher 
than the control target quality, the mobile station transmits a 
forward control command indicating decrement of the for- 

5 ward transmission power to the base station. When the 
reception quality is lower than the control target quality, the 
mobile station transmits the forward control command for 
indicating increment of the forward transmission power to 
the base station. In addition, the base station increases or 

10 decreases the forward transmission power for the downward 
channel signal in accordance with the forward control com- 
mand. 

However, in the above-mentioned methods, when propa- 
gation loss from the mobile station to the base station 

15 suddenly increases with moving of the mobile station, the 
base station may cannot receive the forward control com- 
mand from the mobile station and the mobile station may 
cannot receive the reverse control command. Under the 
circumstances, in a conventional method where the base 

20 station controls the forward transmission power in accor- 
dance with only the forward control command from the 
mobile station, the base station does not increase the forward 
transmission power for the downward channel signal while 
the base station cannot receive the forward control command 

25 from the mobile station when a state where the propagation 
loss increases continues. In this event, a problem arises that 
an interruption condition continues in communication 
between the base station and the mobile station. This is 
because the mobile station cannot receive the reverse control 

30 command from the base station and the mobile station does 
not increase the reverse transmission power for the upward 
channel signal of the reverse link. 

In addition, generally, a part of user information such as 
a speech signal or data in a received signal in the base station 

35 is encoded with a relatively longer information amount 
collected so as to correctly decode by carrying out error 
correction or the like although a received error occurs 
momentarily. In addition, on decoding, the base station 
collectively decodes the received signal having the long 

40 information amount with a relatively longer time interval. 
However, in a case where the mobile station moves at a high 
speed, an error of decision in the forward control command 
is comparatively much when a high-speed transmission 
power control is carried out so that the reception quality is 

45 maintained at a constant by following variation of a high- 
speed fading in a propagation path. This is because it is 
impossible for the decision of the forward control command 
to obtain the effects of the error correction or the like 
although the user information may be correctly decoded 

50 because it is necessary to momentarily carry out the decision 
of the forward control command. 

Such an error of the decision of the forward control 
command continuously occurs at a relatively high probabil- 
ity. This is because the error of the decision of the forward 

55 control command occurs related to increasing and decreas- 
ing of the propagation loss. In addition, when the error of the 
decision of the forward control command continuously 
occurs, the base station cannot control the forward trans- 
mission power for the downward channel signal in accor- 

60 dance with the forward control command and the mobile 
station may be put into a state where the mobile station dose 
not correctly receive the downward channel signal. On the 
other hand, inasmuch as the mobile station cannot receive 
the reverse control command included in the downward 

65 channel signal from the base station, it may be impossible to 
control the reverse transmission power for the upward 
channel signal. Under the circumstances, the error of the 
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decision of the forward control command in the upward 
channel signal occurs frequently and it may be impossible 
for the base station to correctly receive the user information. 
In such a case, a problem occurs that the interruption 
condition continues in the communication between the base 
station and the mobile station. 

In addition, in the cellular type mobile communication 
system, there is a technique called a soft handover or a soft 
handoff where a mobile station simultaneously establishes 
channels with a plurality of base stations at the vicinity of a 
boundary in cells when the mobile station moves between 
the cells and changes the channels between the cells. This 
technique is especially an important technique in the cellular 
type mobile communication system which adapts the 
CDMA as the multiple access. Such a soft handover is 
described in U.S. Pat. No. 5,101,501 which is issued to 
Gilhousen et aL on Mar. 31, 1992 in detail and which has a 
title of "Method and system for providing a soft handoff in 
communications in a CDMA cellular telephone system." 

In a case of carrying out the transmission power control 
for the reverse link or the upward channel during execution 
of such a soft handover, a plurality of base stations measure 
the desired wave power of the upward channel signal 
transmitted from the mobile station and transmit reverse 
control commands for the reverse transmission power to the 
mobile station, independently. In addition, the mobile station 
receives the reverse control commands and preferentially 
complies with one of the reverse control commands that is 
indicative of lowering the reverse transmission power when 
the mobile station receives the reverse control commands 
which are different from one another. This method is dis- 
closed in "T1A/E1A INTERRIM STANDARD, Mobile 
Station-Base Station Compatibility Standard for Dual-Mode 
Wideband Spread Spectrum Cellular System, 1TA/EIA/IS- 
95-A(Revision of TIA/EIA/IS-95)", Telecommunications 
Industry Association, May 1995, in a section of "6.6.6.2.7.2 
Reverse Traffic Channel Power Control during Soft hand- 
off/* As described in the above-reference, by preferentially 
complying with the reverse control command indicative of 
lowering the reverse transmission power when the reverse 
control commands are different from one another among the 
base stations, it is possible to prevent that the desired wave 
power of the upward channel signal exceeds the control 
target power in any base station and results in realizing a 
high channel capacity in the reverse link or the upward 
channel. Accordingly, it is important for this method that the 
mobile station can receive the reverse control commands 
from all of the base stations which may have the minimum 
propagation loss for the reverse link or the upward channel. 

It is important for the transmission power control for the 
forward link or the downward channel during execution of 
the soft handover to carry out so that the mobile station can 
receive the reverse control commands from all of the base 
stations which may have the minimum propagation loss for 
the reverse link or the upward channel. 

For this purpose, it may hit one skilled in the art upon a 
method for controlling the forward transmission power on 
the forward link or the downward channel so that the desired 
wave powers of the downward channel signals transmitted 
from the base stations are equal to one another in the mobile 
station. However, this method is disadvantageous in that the 
interference wave power increases and a capacity of the 
forward link decreases. This is because the base station 
having the large propagation loss to the mobile station sets 
a large forward transmission power by its part. As a method 
for restraining the capacity of the forward link decreasing, 
there is a method for controlling so that the forward trans- 
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mission powers of the downward channel signals transmit- 
ted from the base stations are equal to one another. This 
method is described in an article which is contributed by 
Andersson to Proc. IEEE 44th Vehicular Technology 
5 Conference, (June 1994), pages 41-45, and which has a title 
of "Tuning the macro diversity performance in a DS-CDMA 
system. " 

In this method, when a received power of the reverse 
control command transmitted from a base station having a 

10 small propagation loss to the mobile station is larger than 
another received power of the reverse control command 
transmitted from another base station having a large propa- 
gation loss and when a difference therebetween is large, 
there is a high probability that the mobile station fails in 

15 receiving the reverse control command from the other base 
station having the large propagation loss. However, this case 
is not normally a problem. This is because the reverse 
transmission power of the reverse link is mainly controlled 
by the base station having the small propagation loss. On the 

20 other hand, when a difference between the propagation 
losses is small, it is important that the reverse transmission 
power is controlled in accordance with both of the base 
stations. Under the circumstances, there is a high probability 
that it is possible to correctly receive both of the reverse 

25 control commands. This is because the mobile station can 
receive the reverse control commands at nearly equal pow- 
ers. Accordingly, in order to control the reverse transmission 
power of the reverse link, the mobile station can receive all 
of the reverse control commands from the base stations 

30 where the propagation loss of the reverse link may become 
minimum. 

In addition, during execution of the soft handover, in a 
case where the magnitude of the propagation loss from the 
mobile station to each of the base stations rapidly changes, 

35 the base station having the minimum propagation loss 
carries out transmission at any moment although the base 
stations carrying out transmission to the mobile station are 
changed at a high speed in accordance with it. In this event, 
if the transmission powers of the base stations are not equal 

40 to one another, the reception quality may be easily degraded 
when the base station having the minimum propagation loss 
changes. This is because the reception quality increases or 
decreases. However, if the transmission powers of the base 
stations are equal to one another, it is possible to improve the 

45 reception quality more due to a diversity effect where the 
reception quality is maintained at a constant nearly although 
the base station having the minimum propagation loss 
changes. 

With the transmission power control for the forward link 

50 or the downward channel as described above, the mobile 
station measures the reception quality of the forward link, 
compares the reception quality with a control target quality, 
transmits the forward control command indicating decre- 
ment of the forward transmission power to the base stations 

55 if the reception quality is higher than the control target 
quality, and transmits the forward control command indi- 
cating decrement of the forward transmission power to the 
base stations if the reception quality is lower than the control 
target quality. During execution of the soft handover, a 

60 plurality of base stations receive the forward control com- 
mand which the mobile station transmits. In addition, each 
of the base stations controls the forward transmission power 
for the upward channel signal so as to increase or decrease 
the forward transmission power in accordance with the 

65 forward control command. Accordingly, inasmuch as incre- 
ment or decrement of the forward transmission powers is 
repeated in the base stations in the similar manner if the base 
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stations have initial values of the forward transmission station), control signals from a mobile station via base 
power that are equal to one another, the forward transmis- stations to produce a gathered control signal and of 
sion powers are controlled in the base stations so that the controlling, in response to the gathered control signal, a 
forward transmission powers are equal to one another if each forward transmission power for a forward link in each base 
of the base stations receives the forward control command 5 station. On realizing a high-speed transmission power con- 
with no error. trot according to this method, this method is disadvanta- 
However, this method is disadvantageous in that the base geous in that an amount of transmission for the control 
station having the large propagation loss frequently fails to signals increases between each of the base station and the 
receive the forward control command from the mobile control station. On the other hand, if the amount of trans- 
station because received power of the forward control com- 10 mission for the control signals is restricted, this method is 
mand is small although the base station having the minim um advantageous in that it has a large delay and it is difficult to 
propagation loss for the mobile station can almost correctly realize the high-speed transmission power control, 
receive the forward control command from the mobile 

station. Accordingly, it is difficult to maintain so that the SUMMARY OF THE INVENTION 

forward transmission powers of the base stations are equal 15 

to one another 1S trjere f° re a* 1 object of the present invention to provide 

■w j i , f , ... . . , a transmission power control method for a cellular type 

Under the circumstances, it will be assumed that the „ .-i • *• * *u . ■ t_i c *• 

- . . . , , , T mobile communication system that is capable of continu- 

forward transmission power for the base station having the t . + ... -*u * • 

. ■ i r i . », . „ , ously carrying out communication without continuing an 

large propagation loss for the mobile station is smaller than * * «• r* r * ^ u *. l . 

iL & r v v * . . r . * 20 interruption state of communication between a base station 

the forward transmission power for the base station having A u -i * *■ u i 

. . 4 - , c t . ... , . ° and a mobile station in a case where a propagation loss 

the minimum propagation loss for the mobile station caused . Jt . . , . , . j , 

. cm r y r c „i , TV rapidly increases between the base station and the mobile 

by failure of reception of the forward control command. In station 
this event, an error of reception may easily occur in the 

reverse control command for transmission power control of 11 ^ another object of the present invention to provide a 

reverse link (the upward channel) that the base station 25 transmission power control method for a cellular type 

having the large propagation loss for the mobile station mobile communication system that is capable of continu- 

transmits. As described above, inasmuch as it is important in ouslv carrying out communication without continuing an 

the transmission power control for the reverse link that the interruption state of communication between a base station 

mobile station can receive the reverse control commands and a mobi l e station in a case where an error continuously 

from all of the base stations which may have the minim um 30 occurs in decision of a forward control command transmit- 

propagation loss for the reverse link, such an error of the ted from me mobile station in the base station, 

reception of the reverse control command results in decreas- It is still another object of the present invention to provide 

ing of a channel capacity for the reverse link. In addition, the a transmission power control method for a cellular type 

reception quality may be easily degraded by decreasing of mobile communication system in which a plurality of base 

the above-mention diversity effect where a plurality of base stations can carry out transmission at powers which are 

stations transmit at the powers which are equal to one nearly equal to one another although a reception error occurs 

another. in a forward control command for a transmission power 

On the other hand, it will presumed that the forward control of a forward link transmitted from a mobile station 

transmission power for the base station having the large ^ in a base station during execution of a soft handover without 

propagation loss for the mobile station is larger than the excessively increasing an amount of transmission of control 

forward transmission power for the base station having the signals between the base station and a control station, 

minimum propagation loss for the mobile station caused by It fe yet anothcr object of the present mvention to provide 

failure of reception of the forward control command. In this a transmission power control method for a cellular type 

event, problems where interference wave power increases 45 mobile communication system of the type described, that is 

and capacity of the forward link decreases arise. This is capable of obtaining a high capacity in both a reverse link 

because the base station having the large propagation loss anc j a forward link, 

for the mobile station sets the forward transmission power . 

large in the manner in a case of the above-mentioned method 0ther ob J ects of , thls mve ^on will become clear as the 

of controlling the transmission powers of the forward link so 5Q descn P tl0a proceeds. 

that the desired wave powers from the base stations are equal According to this invention, while a mobile station estab- 

in the mobile station to one another. lishes a channel with one or more base stations, each base 

Measures are taken that the base station having the large station repeatedly carries out a transmission power control 

propagation loss for the mobile station fails in receiving of operation for, on reception of a control command from the 

the forward control command from the mobile station due to 55 mobile station, increasing or decreasing a transmission 

the large propagation loss. By way of example, Japanese power in response to the control command and for renewing 

Unexamined Patent Publication of Tokkai No. Hei 9-312, me transmission power so that the transmission power of the 

609 or JP-A 9-312,609 discloses a method of independently Dase station after increased or decreased approaches a pre- 

controUing the forward transmission power of the forward determined reference power. 

link in each base station in defiance of the forward control 60 For tnis end> while the mobile ^ iion establishes the 

command which has a low reception quality and which has channel with one or more base stations, each base station 

less reliability. However, in this method, the base stations do increases or decreases, on reception of the control command 

not transmit at the transmission powers which are equal to f rom the mobile station, the transmission power in response 

one another and it is impossible in this method to resolve the to the control command and renews the transmission power 

above-mentioned problems. 6S ^ mat a difference (P tt -C) between the transmission power 

In addition, JP-A 9-312,609 also describes a method of P a of the base station after increased or decreased and a 

the steps of gathering, in a combining station (a control predetermined transmission power C is r times as large as a 
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difference (P b -C) between the transmission power Pb before where r represents a coefficient which is not less than zero 

renewed and the predetermined reference power C, namely, and which is less than one, namely, (0^r<l). 

In addition, in the method of controlling the transmission 

p„or(p b -c)+<:, power in the cellular type mobile communication system 

where r represents a coefficient which is not less than zero * f^^ 8 ,? ^T^- ^^fV-t deten ™ ed 50 

and which is less than one, namely, (OSr<l). * at . a ( Pmax - Pmn ) ^ If a 

A , c .t- cc ' 1 ' j* j < , j A Pmin) between a maximum value Pmax and a minimum 

Avalue of the coefficient r is determined so that a product value ' Pmin io a for the transmission power p 

(Pmax-Pmin) (1-r) of a difference (Pmax-Pmin) between a and c^ffi^ (1 . r) is less than a changing % AP 

maximum value Pmax and a minimum value Pmin in a for the transmission power in a case of increasing or 

control range for the transmission power P and another 10 decreasing me trar^mission power in response to the control 

coefficient (1-r) is less than a changing step AP for the command, namely, 

transmission power in a case of increasing or decreasing the ^ „ . , v A „ 

• • • * a. . i i (Pmax-Pmin) (l-r)<AP. 

transmission power in response to the control command, 

namely, Specifically, on describing the gist of an aspect of this 

15 invention, it is possible to be understood that a method is of 
(Pmax-Pmin) (i-r)<AP. controlling transmission power in a cellular type mobile 
Specifically, on describing the gist of an aspect of this communication system comprising a plurality of cells, a 
invention, it is possible to be understood that a method is of P lura ^ v of base stations disposed in the respective cells, and 
controlling transmission power in a cellular type mobile a moblle stah0D located m ce,k - ™ e ™bile station 
communication system comprising a plurality of cells, a 20 cames out commumcation with one or more base sutions by 
plurality of base stations disposed in the respective cells, and establishing one or more channels between the mobde 
a mobile station located in the cells. Tie mobile station statl0n a f ndth f one or m ° re base staaons - According t 0 the 
carries out communication with at least one base stations by "P** ° f <** ^lon, the above-understood method corn- 
establishing a channel between the mobile station and the at P. nses the ste P s of carrying ™" a first transmis- 
least one base station. According to the aspect of this 25 slon P ower operation where the mobile station 
invention, the above-understood method comprises the steps tra ? m i t t 8 C ° ntl ? 1 ^mand Eor the transmission power to 
of repeatedly carrying out a first transmission power control "ch of the plurality of base stations while the mobile station 
operation where the mobile station transmits a control establishes the channels with the plurahty of base stations 
command for the transmission power to the at least one base and each ° f the ; P lurah |y of base stations receives the control 
station while the mobile station establishes the channel with 30 command Jo change the transmission power in response to 
the at least one base station and the at least one base station me °° ntro1 command, and of repeatedly carrying out a 
receives the control command to change the transmission s u econd transmission power control operation which renews 
power in response to the control command, and of repeat- me .transmission power in each of the plurahty of base 
edly carrying out a second transmission power control s,atlons 50 mat an absolute value of a difference between a 
operation which renews the transmission power in the at 35 refcrence . P ower m «« defined in the plurahty of base 
least one base station so that an absolute value of a differ- * tatl0ns ln common md tbe transmission power in dB 
ence between a predetermined reference power in dB and dec reases at a common rate among the plurahty of base 
the transmission power in dB decreases at a predetermined stations. .... 
ra(e ln addition, in the method of controlling the transmission 

In addition, in the method of controlling the transmission 40 »T in the cellular ^ mobile communication system, 

power in the cellular type mobile communication system, the reference P° wer ma y be equal to a maximum transmis- 

the predetermined reference power may be equal to a sion power. 

maximum transmission power. . Funhermore > ln me method of controlling the transmis- 

Furthermore, according to this invention, while a mobile S10n P ower *» the ""M" ,v P e mob ^ communication 

station establishes channels between the mobile station and 45 system th e reference power may be equal to an intermediate 

a plurality of base stations, the base station repeats a P ower betweeQ a maximum transmission power in dB and a 

transmission control operation for increasing or decreasing, minimum transmission power in dB. 

on reception of a control command for transmission power In addlt1011 ' m 11 ,h 1 e me,hod rf ' controlling the transmission 

from the mobile station, the transmission power in response P u owe ' ln me l W* mobue commumcation system, 

to the control command, and for renewing the transmission 50 ^ reference P ower may 08 ec « ual t0 a minimum transmis- 

power so that the transmission powers in the plurality of S10 , n P°. we . r ' . . . . , ... 

base stations after increased or decreased have less differ- Io addmon ' m 11 ,h , e method of controlling the transmission 

ence and approach a reference power which is defined in the P° we , r m , . me 'H? mob J le communication system 

plurahty of base stations in common. P lurah ? of base statl0os °* lallzlt statistical values of 

For this purpose, while the mobile station establishes the 55 me transmission power to transmit the statical values to a 

channels with the plurality of base stations, each base station CODtro ! s ! atlo . n - ™ e co ? trol s,atl0n calculates a reference 

increases or decreases, on reception of tbe control command vabje "gating the reference power using the statistical 

from the mobile station, the transmission power in response vidues of ' he P Iuraht y °/ bas6 s, * lons L° 58 nd lbe 

to the control command and renews the transmission power y *» t0 L the P"? of base slat ' ons ' Each of the P} uraht y 

so that a difference (P„-C) between the transmission power 60 of r the base , statl0ns J"" the reference power having the 

P„ of the base station after increased or decreased and a ref " ence value sen ' from ^ control station, 

predetermined transmission power C defined in the plurality . Fllrtherm ore, in the method of controlling the transmis- 

ofbase stations in common is r times as large as a difference S10n P owef m th f ceUular ^ mob f communication 

(JVC) between the transmission power P b before renewed s * s * m < ue control station may use as the reference value, 

and the predetermined reference power C, namely, 6S a maximum one of the statistical values. 

In addition, in the method of controlling the transmission 

p a ° r (Pfc-c)+c, power in the cellular type mobile communication system, 
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the control station may determine the common rate in in the cells. The mobile station carries out communication 

accordance with mutual differences among the statistical with at least one base stations by establishing a channel 

values of the plurality of base stations. between the mobile station and the at least one base station. 

Furthermore, in the method of controlling the transmis- According to the aspect of this invention, the above- 

sion power in the cellular type mobile communication 5 understood base station comprises a first transmission power 

system, the control station may determine frequency for controller for repeatedly carrying out a first transmission 

renewing the transmission power by the common rate in power control operation for changing the transmission 

accordance with mutual differences among the statistical power in response to a control command for the transmis- 

values of the plurality of base stations. sion power that is received from the mobile station while the 

In addition, in the method of controlling the transmission 10 mobile station establishes the channel with the at least one 

power in the cellular type mobile communication system, base station, and a second transmission power controller for 

the mobile station may have an accumulated control value repeatedly carrying out a second transmission power control 

for the transmission power in the base stations. In this event, operation for renewing the transmission power so that an 

the mobile station renews the accumulated control value on absolute value of a difference between a predetermined 

transmitting the control command for the transmission 15 reference power in dB and the transmission power in dB 

power to the base station. The mobile station transmits the decreases at a predetermined rate. 

accumulated control value to the plurality of base stations at In addition, in the base station in the cellular type mobile 

a time interval which is longer than a repetition time interval communication system, the predetermined reference power 

of a changing operation for the transmission power. Each of may equal to a maximum transmission power, 

the plurality of base stations determines the reference power 20 

using the accumulated control value received therein to use BRIEF DESCRIPTION OF THE DRAWING 

^ nS^Ttalhe method of controlling the transmis- FIG * 1 » a block dkgmmtf a cellular type mobile 

sion power in the cellular type mobile communication communication system to which a transmission power con- 

* ™ 1 i u c u \ * * n i ^ trol method according to a first embodiment of the present 

system, the plurality of base stations may simultaneously 25 . 4 . . . f v 

J \ 1 r . . invention is applicable; 

carry out a renewal of the respective transmission powers. rr 

Abase station in a cellular type mobile communication FIG - 2 shows a frame format of a signal for use in the 

system according to this invention repeatedly carries out, cellular type mobile communication system illustrated in 

while a mobile station establishes a channel with one or FIG. 1; 

more base stations, a transmission power control operation 30 FIG. 3 is a view showing variation of received power due 

for, on reception of a control command from the mobile to a fading; 

station, increasing or decreasing a transmission power in FIG. 4 is a block diagram of a base station for use in the 

response to the control command and for renewing the cellular type mobile communication system illustrated in 

transmission power so that the transmission power of the FIG. 1; 

base station after increased or decreased approaches a pre- 35 FIG 5 fa a block diagram of a mobUe statkm for use m ^ 

determined reference power. celIular type mobile communication system illustrated in 

For this end, while the mobile station establishes the pjQ 

channel with one or more base stations, the base station „ T - * , . „ . - . , 

, trt* t , , Flu. 6 is a now chart tor use in describing the transmis- 

mcreases or decreases, on reception of the control command . A , it _ , . , . . & 

* ™ *u ~ u -1 * * • *u * * ■ - slon power control method in the base station according the 

from the mobile station, the transmission power in response 40 - , r . ri . B 

... . , j j *i_ * • • first embodiment ol the present invention; 

to the control command and renews the transmission power r * 

P so that a difference (P„-Q between the transmission FIG * 7 fe a block diagram of a cellular type mobile 

power P fl of the base station after increased or decreased and communication system to which a transmission power con- 

a predetermined transmission power C is r times as large as tro1 melhod according to other embodiments of the present 

a difference (P b -C) between the transmission power ? b 45 invention is applicable; 

before renewed and the predetermined reference power C, FIG. 8 is a block diagram of a base station for use in the 

namely, cellular type mobile communication system illustrated in 

FIG. 7; 

P.°r(EVC)+C FIG. 9 is a block diagram of a mobile station for use in the 

where r represents a coefficient which is not less than zero 50 ccllular mobile communication system illustrated in 

and which is less than one, namely, (0^r<l). ^ ; 

The coefficient r may have a value determined so that a FIG. 10 is a block diagram of a mobile receiving circuit 

product (Pmax-Pmin) (1-r) of a difference (Pmax-Pmin) for use in the mobile station illustrated in FIG. 9; 

between a maximum value Pmax and a minimum value 55 FIG. 11 is a block diagram of a control station for use in 

Pmin in a control range for the transmission power P and the cellular type mobile communication system illustrated in 

another coefficient (1-r) is less than a changing step AP for FIG. 7; 

the transmission power in a case of increasing or decreasing piG. 12 is a flow chart for use in describing the trans- 

the transmission power in response to the control command, mission power control method in the base station according 

namely ^ to second through eighth embodiments of the present inven- 
tion; 

FIG. 13 is a flow chart for use in describing the trans- 
Specifically, on describing the gist of an aspect of this mission power control method in the mobile station accord- 
invention, it is possible to be understood that a base station ing to a ninth embodiment of the present invention; 
is for use in a cellular type mobile communication system 65 FIG. 14 is a flow chart for use in describing the trans- 
comprising a plurality of cells, a plurality of base stations mission power control method in the base station according 
disposed in the respective cells, and a mobile station located to the ninth embodiment of the present invention; and 



(Pmax-Pmin) (l-r)<AP. 
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FIG. 15 is a flow chart for use in describing the trans- a reverse link. On the other hand, inasmuch as the received 

mission power control method in the base station according power of the first pilot signal 31 is maximum in the second 

to a tenth embodiment of the present invention. mobile station 62, the second mobile station 62 establishes 

the channel with the first base station 21. In this event, the 

DESCRIPTION OF THE PREFERRED 5 second mobile station 62 carries out communication with the 

EMBODIMENTS Dase station 21 using a second downward channel signal 

Referring to FIG. 1, description will proceed to a cellular ^ 2 and a second upward channel signal 52 via the forward 

type mobile communication system to which a transmission unk ^ tne reverse knk. 

power control method according to an embodiment of the As shown in FIG. 2, each of the first and the second 

present invention is applicable. The illustrated cellular type 10 downward channel signals 41 and 42 and the first and the 

mobile communication system has a service area divided second upward channel signals 51 and 52 is composed of 

into first and second cells 11 and 12 in which first and second repetition of the frame having a constant time interval and 

base stations 21 and 22 are disposed, respectively, and in each frame comprises a plurality of time slots each having 

which first and second mobile stations 61 and 62 lie. In other a shorter time interval. Each time slot of the downward 

words, the first base station 21 covers the first cell 11 while 15 channel signal includes a reverse control command of a 

the second base station 22 covers the second cell 12. In the reverse transmission power for the upward channel signal 

example being illustrated, the first mobile station 61 lies in while each time slot of tne upward channel signal includes 

an area which is overlapped in the first and the second cells a forward control command of a forward transmission power 

11 and 12 while the second mobile station 62 lies in the first for me downward channel signal. 

cell 11. The first and the second base stations 21 and 22 are 20 Turning to FIG. 4, description will proceed to the base 

connected to a control station 71 which is connected to a station which is used as each of the first and the second base 

communication network (not shown) including other control stations 21 and 22. The base station comprises a base 

stations. Although illustration is omitted from FIG. 1, the antenna 201, a base duplexer 202, a base receiving circuit 

cellular type mobile communication system comprises other 203, a base signal-to-interference ratio (SIR) measurement 

lots of base stations disposed in other cells in which a lot of 25 unit 204, a base transmission power control unit 205, a base 

mobile stations lie. transmitting circuit 206, a base output terminal 207, and a 

The first and the second base stations 21 and 22 transmit base m P ut terminal 208. 

first and second pilot signals 31 and 32 at a constant The base antenna 201 is connected to the base duplexer 

transmission power, respectively. Each of the first and the 202 which is connected to the base receiving circuit 203 and 

second mobile stations 61 and 62 comprises a pilot signal the base transmitting circuit 205. The base receiving circuit 

power measurement unit (which will later be described) for 203 is connected to the base SIR measurement unit 204, the 

measuring received powers of the first and the second pilot base transmission power control unit 205, and the base 

signals 31 and 32. The mobile station switches the pilot output terminal 207 while the base transmitting circuit 206 

signal power measurement unit for every time slot as shown 3S is connected to the base transmission power control unit 205 

in FIG. 2 to make the pilot signal power measurement unit and the base input terminal 208. The base SIR measurement 

measure the received powers of pilot signals from a plurality unit 204 is connected to the base transmission power control 

of base stations every frame. Inasmuch as one frame com- unit 205. 

prises six slots in the example of FIG. 2, the pilot signal Turning to FIG. 5, description will proceed to the mobile 
power measurement unit may measure the received powers 4Q station which is used as the first and the second mobile 
of a maximum of six pilot signals from six base stations. stations 61 and 62. The mobile station comprises a mobile 
When the mobile station moves, the received power of the antenna 601, a mobile duplexer 602, a mobile receiving 
pilot signal has a momentary value which varies at a short circuit 603, a mobile SIR measurement unit 604, a mobile 
period with time, as shown in FIG. 3. Accordingly, the transmission power control unit 605, a mobile transmitting 
mobile station calculates an average value of the received 45 circuit 606, a mobile output terminal 607, a mobile input 
power in each time slot by averaging the received power in terminal 608, a pilot signal power measurement unit 612, 
the frames which correspond in number to a sufficiently long and a pilot signal power terminal 613. 
time compared with a variation period of the momentary The mobile antenna 601 is connected to the mobile 
value of the received power in a case where the mobile duplexer 602 which is connected to the mobile receiving 
station moves. 50 circuit 603 and the mobile transmitting circuit 605. The 
On carrying out communication, the mobile station estab- mobile receiving circuit 603 is connected to the mobile SIR 
lishes a channel with the base station having a maximum measurement unit 604, the mobile transmission power con- 
average value of the received power of the pilot signal to trol unit 605, the mobile output terminal 607, the pilot signal 
start the communication. During communication, the power measurement unit 612, and the mobile transmitting 
received powers of the pilot signals may vary with move- 55 circuit 606. The pilot signal power measurement unit 612 is 
ment of the mobile station, the mobile station carries out a connected to the pilot signal power terminal 613. 
renewal of the base station to be established with the channel Description will at first be made about forward link power 
if the base station having the maximum average value of the control or downward channel power control, 
received power of the pilot signal changes. I a the mobile station, the downward channel signal trans- 
It will be assumed that the received power of the first pilot 60 mitted from the base station is received in the mobile 
signal 31 is maximum in the first mobile station 61. In this receiving circuit 603 through the mobile antenna 601 and the 
event, the first mobile station 61 establishes the channel with mobile duplexer 602. Whenever the mobile receiving circuit 
the first base station. A first downward channel signal 41 is 603 receives the time slots of the downward channel signal, 
a signal which is transmitted from the first base station 21 to the mobile SIR measurement unit 604 measures a downward 
the first mobile station 61 via a forward link while a first 65 signal-to-interference ratio (SIR) for the downward channel 
upward channel signal 51 is a signal which is transmitted signal to obtain a measured downward SIR value indicative 
from the first mobile station 61 to the first base station 21 via of the downward SIR. The mobile SIR measurement unit 
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604 compares the measured downward SIR value with a 
target downward SIR value. When the measured downward 
SIR value is smaller than the target downward SIR value, the 
mobile SIR measurement unit 604 produces the forward 
control command indicative of increment of the forward 5 
transmission power. When the measured downward SIR 
value is larger than the target downward SIR value, the 
mobile SIR measurement unit 604 produces the forward 
control command indicative of decrement of the forward 
transmission power. The forward control command is sup- 1Q 
plied to the mobile transmitting circuit 606. The mobile 
transmitting circuit 606 transmits, to the base station through 
the mobile duplexer 602 and the mobile antenna 602, the 
upward channel signal including the forward control com- 
mand every time slot. 15 

In the base station, the upward channel signal transmitted 
from the mobile station is received in the base receiving 
circuit 203 through the base antenna 201 and the base 
duplexer 202. Whenever the base receiving circuit 203 
receives the time slots of the upward channel signal, the base 20 
receiving circuit 203 sends, to the base transmission power 
control unit 205, the forward control commands included in 
the time slots. The base transmission power control unit 205 
calculates the forward transmission power for the downward 
channel signal every time slot using the forward control 25 
commands sent from the base receiving circuit 203 to send 
a forward transmission power control signal indicative of the 
forward transmission power to the base transmitting circuit 
206. Responsive to the forward transmission power control 
signal, the base transmitting circuit 206 sets the forward 30 
transmission power for the downward channel signal to a 
value indicated by the forward transmission power control 
signal sent from the base transmission power control unit 
205. In addition, the base station transmits, to one or more 
mobile stations through the base duplexer 202 and the base 35 
antenna 201, the downward channel signal generated by the 
base transmitting circuit 206. 

Description will be made about reverse link power control 
or upward channel power control. 

Io the base station, the upward channel signal transmitted 40 
from the mobile station is received in the base receiving 
circuit 203 through the base antenna 201 and the base 
duplexer 202. Whenever the base receiving circuit 203 
receives the time slots of the upward channel signal, the base 
SIR measurement unit 204 measures an upward signal-to- 45 
interference ratio (SIR) for the upward channel signal to 
obtain a measured upward SIR value indicative of the 
upward SIR. The base SIR measurement unit 204 compares 
the measured upward SIR value with a target upward SIR 
value. When the measured upward SIR value is smaller than 50 
the target upward SIR value, the base SIR measurement unit 
204 produces an upward control command indicative of 
increment of the reverse transmission power. When the 
measured upward SIR value is larger than the target upward 
SIR value, the base SIR measurement unit 604 produces the 55 
reverse control command indicative of decrement of the 
reverse transmission power. The reverse control command is 
supplied to the base transmitting circuit 206. The base 
transmitting circuit 206 transmits, to one or more mobile 
stations through the base duplexer 202 and the base antenna 60 
201, the downward channel signal including the reverse 
control command every time slot. 

In the mobile station, the downward channel signal trans- 
mitted from the base station is received in the mobile 
receiving circuit 603 through the mobile antenna 601 and the 65 
mobile duplexer 602. Whenever the mobile receiving circuit 
603 receives the time slots of the downward channel signal, 



the mobile receiving circuit 603 sends, to the mobile trans- 
mission power control unit 605, the reverse control com- 
mands included in the time slots. The mobile transmission 
power control unit 605 calculates the reverse transmission 
power for the upward channel signal every time slot using 
the reverse control commands sent from the mobile receiv- 
ing circuit 603 to send a reverse transmission power control 
signal indicative of the reverse transmission power to the 
mobile transmitting circuit 606. Responsive to the reverse 
transmission power control signal, the mobile transmitting 
circuit 606 sets the reverse transmission power for the 
upward channel signal to a value indicated by the reverse 
transmission power control signal sent from the mobile 
transmission power control unit 605. In addition, the mobile 
station transmit, to the base station through the mobile 
duplexer 602 and the mobile antenna 601, the upward 
channel signal generated by the mobile transmitting circuit 
605. 

Referring to FIG. 6 in addition to FIGS. 1 and 4, descrip- 
tion will be made about a transmission power control for the 
downward channel signal by the base transmission power 
control unit 205 of the base station. It will be assumed that 
the forward transmission power P is represented by decibel 
(dB). 

Wheo the base station starts communication, the base 
transmission power control unit 205 sets the forward trans- 
mission power P for the downward channel signal to an 
initial value P0 at a step S101. The initial value P0 may be 
any value in a control range of the forward transmission 
power. The step S101 proceeds to a step S102 at which the 
base transmission power control unit 205 determines 
whether reception of a time slot succeeds or fails whenever 
the base receiving circuit 203 receives the time slot of the 
upward channel signal transmitted from the mobile station. 
More specifically, the base transmission power control unit 
205 determines that the reception of the time slot succeeds 
when the time slot has the measured upward SIR value 
which is not less than a predetermined value. On the other 
hand, the base transmission power control unit 205 deter- 
mines that the reception of the time slot fails when the time 
slot has the measured upward SIR value which is less than 
the predetermined value. 

Wheo the reception of the time slot succeeds, the step 
S102 is followed by a step S103 at which the base trans- 
mission power control unit 205 determines whether the 
forward control command in the time slot indicates incre- 
ment or decrement of the forward transmission power for the 
forward link. When the forward control command in the 
time slot indicates increment of the forward transmission 
power for the forward link, the step S103 is succeeded by a 
step S104 at which the base transmission power control unit 
205 makes the base transmitting circuit 206 increase the 
forward transmission power P for the forward link by a 
predetermined value AP, namely, 

P-P+AP 

The predetermined value AP is called as a changing step. 
On the other hand, when the forward control command in 
the time slot indicates decrement of the forward transmis- 
sion power for the forward link, the step S103 proceeds to 
a step S105 at which the base transmission power control 
unit 205 makes the base transmitting circuit 206 decrease the 
forward transmission power P for the forward link by the 
predetermined value AP, namely, 



When the reception of the time slot fails at the step S102, 
the S102 is followed by a step S106 which follows the steps 
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S104 and S105. At the step S106, the base transmission 
power control unit 205 renews the forward transmission 
power P so that a value r(P fc -C) obtained by multiplying a 
difference between the forward transmission power P b 
before renewed and a predetermined reference transmission 5 
power C by a coefficient r is equal to a difference between 
the forward transmission power P a after renewed and the 
predetermined reference transmission power C. That is: 

p.=r(P b -c)+c. 10 

The coefficient r is referred to as a predetermined rate. The 
step S106 is succeeded by a step S107 at which the base 
transmission power control unit 205 determines whether or 
not the forward transmission power P is larger than a 
maximum transmission power Pmax. When the forward 
transmission power P is larger than the maximum transmis- 
sion power Pmax, namely, 

P>Pmax, 

20 

the step S107 proceeds to a step S108 at which the base 
transmission power control unit 205 sets the forward trans- 
mission power P to the maximum transmission power Pmax, 
namely, 

25 

P=Pmax. 

When the forward transmission power P is not larger than 
the maximum transmission power Pmax, the step S107 is 
followed by a step S109 which follows the step S108. At the 30 
step S109, the base transmission power control unit 205 
determines whether or not the forward transmission power P 
is smaller than a minimum transmission power Pmin. When 
the forward transmission power P is smaller than a minimum 
transmission power Pmin, namely, 35 

P<Pmin, 

the step S109 proceeds to a step S110 at which the base 
transmission power control unit 205 sets the forward trans- 
mission power P to the minimum transmission power Pmin, 40 
namely, 

P=Pmin. 

The base transmission power control unit 205 turns from 45 
No in the step S109 and the step S110 to the step S102. 

At any rate, a combination of the base receiving circuit 
203 and the base transmission power control unit 205 serves 
at the steps S102 to S105 as a first transmission power 
controller for repeatedly carrying out changing the trans- 50 
mission power P in response to the control command 
received from the mobile station while the mobile station 
establishes the channel with at least one base station. In 
addition, the base transmission power control unit 205 acts 
at the step S106 as a second transmission power controller 55 
for repeatedly carrying out a second transmission power 
control operation for renewing the transmission power P so 
that the transmission power P a for the base station 
approaches the predetermined reference power C. In other 
ward, the base transmission power control unit 205 is 60 
operable at the step S106 as the second transmission power 
controller for repeatedly carrying out the second transmis- 
sion power control operation for renewing the transmission 
power P so that an absolute value |P-C| of a difference (P-C) 
between the predetermined reference power C in dB and the 65 
transmission power P in dB decreases at the predetermined 
rate r. 



,651 Bl 

16 

The predetermined reference transmission power C is set 
to a relatively high value in the control range of the forward 
transmission power P so that almost all mobile stations in the 
cell can receive the downward channel signal when the base 
station sets the forward transmission power P for the down- 
ward channel signal to the predetermined reference trans- 
mission power C. In the example being illustrated, the 
predetermined reference transmission power C is equal to 
the maximum transmission power Pmax, namely, 

OPmax. 

The coefficient r is set within a range between zero, 
inclusive, and one, exclusive. Specifically, the coefficient r is 
set so that a changing amount {r(P-C)+C}-P, namely, (1-r) 
(C-P) of the forward transmission power P in the step S106 
is smaller than the predetermined value AP of the forward 
transmission power P in the steps S104 and S105, namely, 

(l-r) (C-P)>AP. 

This is because it is necessary to increase or decrease the 
forward transmission power P in accordance with the for- 
ward control command transmitted from the mobile station. 
That is, the coefficient r has a setting range as follows: 

l-AP/(C-P)>r>l. 

Inasmuch as the predetermined reference transmission 
power C is equal to the maximum transmission power Pmax 
in the example being illustrated, the setting range of the 
coefficient r becomes as follows: 

l-AP/(Pmax-P)>r>l. 

It will be assumed that a difference (Pmax-Pmin) 
between the maximum transmission power Pmax and the 
minimum transmission power Pmin is equal to 10 dB and the 
predetermined value AP is equal to 1 dB. Under the 
circumstances, the setting range of the coefficient r becomes 
as follows: 

0.9>r>l. 

Desirably, the coefficient r may be set to about 0.95. This 
is because the step S106 does not have effect if the coeffi- 
cient r is nearly equal to one. 

According to the above-mentioned transmission power 
control method, it is possible to continue communication 
without continuing a state where communication between 
the base station and the mobile station interrupts although a 
propagation loss from the mobile station to the base station 
rapidly increases with moving of the mobile station. More 
specifically, it will be presumed that the propagation loss 
from the mobile station to the base station rapidly increases. 
In this event, the base station cannot receive the forward 
control command included in the time slot because the base 
station fails to receive the upward channel signal. The base 
station sets the forward transmission power P to approach 
the predetermined reference transmission power C when the 
base station fails to receive the time slot of the upward 
channel signal. Accordingly, the forward transmission 
power P will be nearly equal to the predetermined reference 
transmission power C when failure in reception of the time 
slot continues. In addition, inasmuch as the predetermined 
reference transmission power C is set to the relatively high 
value in the control range of the forward transmission power 
P, the mobile station may receive the downward channel 
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signal transmitted from the base station if the forward 
transmission power P will be nearly equal to the predeter- 
mined reference transmission power C. The base station 
transmits the reverse control command indicative of incre- 
ment of the reverse transmission power to the mobile station 5 
because the reverse SIR value for the upward channel signal 
is small when the base station fails to receive the upward 
channel signal. When the mobile station can receive the 
downward channel signal transmitted from the base station, 
the mobile station increases the reverse transmission power 
for the upward channel signal in response to the reverse 
control command indicative of the increment of the reverse 
transmission power. Accordingly, the base station may 
receive the upward channel signaL In the manner as 
described above, it is possible to carry out a bidirectional 
communication between the base station and the mobile 15 
station again and it is possible to continue communication 
without continuing the interruption state in the communica- 
tion between the base station and the mobile station. 

Inasmuch as the forward transmission power P is renewed 
to the value r(P-C)+C in the step S104, the difference (P-C) 20 
becomes r times every time unit of the time slot. It will be 
assumed that a momentary forward transmission power is 
equal to PI. After renewal in the step S106 is repeated n 
times in a case where the forward transmission power P is 
not changed in the steps S104 and S105, the difference 25 
(P-C) becomes a value obtained by multiplying (Pl-C) by 
the n-th power of the coefficient r, where n represents a 
positive integer which is not less than two. Inasmuch as the 
coefficient r is less than one, the n-th power of the coefficient 
r approaches zero gradually. Accordingly, the forward trans- 30 
mission power P approaches the predetermined reference 
transmission power C by renewal in the step S106. 

It will be assumed that the base station cannot correctly 
control the forward transmission power for the downward 
channel signal because decision error of the forward control 35 
command occurs continuously in the base station and then 
the mobile station cannot correctly receive the downward 
channel signal. Under the circumstance, in general, the 
decision error of the forward control command occurs at 
random and then a probability that the forward control 40 
command indicative of increment of the forward transmis- 
sion power occurs is nearly equal to a probability that the 
forward control command indicative of decrement of the 
forward transmission power occurs. Accordingly, the for- 
ward transmission power does not increase or decrease in 45 
average at the steps S104 and S105. In this case, according 
to the above-mentioned transmission power control method, 
the forward transmission power P approaches the predeter- 
mined reference transmission power C and the mobile 
station may receive the downward channel signal transmit- 50 
ted from the base station. As a result, in the similar manner 
of a case where the propagation loss from the mobile station 
to the base station rapidly increases, it is possible to carry out 
a bidirectional communication between the base station and 
the mobile station and it is possible to continue the com- 55 
munication without continuing the interrupt condition in the 
communication between the base station and the mobile 
station. 

Although the mobile station establishes the channel with 
only one base station in the above-mentioned embodiment, 60 
the mobile station may establishes two or more channels 
with two or more base stations to execute a soft handover. 
In this case, when the propagation loss from the mobile 
station to the base station rapidly increases, it is possible to 
continue communication in a similar manner by controlling 65 
the forward transmission power in each base station in the 
similar manner as the above-mentioned embodiment. 



Referring to FIG, 7, description will proceed to a cellular 
type mobile communication system to which a transmission 
power control method according to other embodiments of 
the present invention are applicable. The illustrated cellular 
type mobile communication system has a service area 
divided into the first and the second cells 11 and 12 in which 
first and second base stations 21A and 22A are disposed, 
respectively, and in which first and second mobile stations 
61A and 62A lie. In other words, the first base station 21A 
covers the first cell 11 while the second base station 22A 
covers the second cell 12. In the example being illustrated, 
the first mobile station 61A lies in an area which is over- 
lapped in the first and the second cells 11 and 12 while the 
second mobile station 62 A lies in the first cell 11. The first 
and the second base stations 21 A and 22A are connected to 
a control station 71A which is connected to a communica- 
tion network (not shown) including other control stations. 
Although illustration is omitted from FIG. 7, the cellular 
type mobile communication system comprises other lots of 
base stations disposed in other cells in which a lot of mobile 
stations lie. 

The first and the second base stations 21A and 22A 
transmit the first and the second pilot signals 31 and 32 at a 
constant transmission power, respectively. Each of the first 
and the second mobile stations 61A and 62A comprises a 
pilot signal power measurement unit (which will later be 
described) for measuring received powers of the first and the 
second pilot signals 31 and 32. The mobile station switches 
the pilot signal power measurement unit for every time slot 
as shown in FIG. 2 to make the pilot signal power measure- 
ment unit measure the received powers of pilot signals from 
a plurality of base stations every frame. Inasmuch as one 
frame comprises six slots in the example of FIG. 2, the pilot 
signal power measurement unit may measure the received 
powers of a maximum of six pilot signals from six base 
stations. 

When the mobile station moves, the received power of the 
pilot signal has a momentary value which varies at a short 
period with time, as shown in FIG. 3. Accordingly, the 
mobile station calculates an average value of the received 
power in each time slot by averaging the received power in 
the frames which correspond in number to a sufficiently long 
time compared with a variation period of the momentary 
value of the received power in a case where the mobile 
station moves. 

On carrying out communication, the mobile station estab- 
lishes a channel with the base station having a maximum 
average value of the received power of the pilot signal to 
start the communication. The base station having the maxi- 
mum average value of the received power of the pilot signal 
is herein called a main base station. When there is another 
base station having a larger average value of the received 
power of the pilot signal compared with a value obtained by 
subtracting a predetermined handover threshold value from 
the maximum average value of the received power of the 
pilot signal in the main base station, the mobile station 
establishes another channel with the other base station to 
carry out communication with the other base station. The 
other base station having the larger average value of the 
received power of the pilot signal is referred to an auxiliary 
base station. Although the received powers of the pilot 
signals may vary with moving of the mobile station during 
communication, the mobile station carries out renewal of the 
main base station and the auxiliary base station (1) when the 
base station having the maximum average value of the 
received power of the pilot signal changes, (2) when the 
auxiliary base station is not satisfied with a condition for the 
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auxiliary base station, or (3) when another base station is 
satisfied with the condition for the auxiliary base station. 

It will be assumed that the received power of the first pilot 
signal 31 is maximum in the first mobile station 61 A and a 
difference between the received power of the first pilot 5 
signal 31 and the received power of the second pilot signal 
32 is within the handover threshold value in the first mobile 
station 61A> In this event, the first base station 21A is the 
main base station for the first mobile station 61A while the 
second base station 22A is the auxiliary base station for the 10 
first mobile station 61A. Accordingly, the first mobile station 
61A establishes the channels with the first and the second 
base stations 21 A and 22a, A first main downward channel 
signal 41a is a signal which is transmitted from the first base 
station 21Ato the first mobile station 61Avia a forward link. IS 
A first auxiliary downward channel signal 41b is a signal 
which is transmitted from the second base station 22Ato the 
first mobile station 61A with another forward link. In 
addition, the first upward channel signal 51 is a signal which 
is transmitted from the first mobile station 61A to the first 20 
and the second base stations 21A and 22A via reverse links. 

On the other hand, inasmuch as the received power of the 
first pilot signal 31 is maximum in the second mobile station 
62A, the first base station 21A is the main base station for 
the second mobile station 62A. Inasmuch as the difference 25 
between the received power of the second pilot signal 32 and 
the received power of the first pilot signal 31 is larger than 
the handover threshold value in the second mobile station 
22A, there is no auxiliary base stationing the second mobile 
station 22A. Under the circumstances, the second mobile 30 
station 62A establishes the channel with the first base station 
21A and carries out communication with the first base 
station 21 A using the second downward channel signal 42 
and the second upward channel signal 52 via the forward 
link and the reverse link. 35 

Turning to FIG. 8, description will proceed to the base 
station which is used as each of the first and the second base 
stations 21A and 22A. The base station comprises a base 
timer 210 and a base timer terminal 211 as well as the base 
antenna 201, the base duplexer 202, the base receiving 40 
circuit 203, the base signal-to-interference ratio (SIR) mea- 
surement unit 204, the base transmission power control unit 
205, the base transmitting circuit 206, the base output 
terminal 207, and the base input terminal 208. 

The base antenna 201 is connected to the base duplexer 45 

202 which is connected to the base receiving circuit 203 and 
the base transmitting circuit 205. The base receiving circuit 

203 is connected to the base SIR measurement unit 204, the 
base transmission power control unit 205, and the base 
output terminal 207 while the base transmitting circuit 206 50 
is connected to the base transmission power control unit 205 
and the base input terminal 208. The base SIR measurement 
unit 204 is connected to the base transmission power control 
unit 205 which is connected to the base timer 210. The base 
timer 210 is connected to the base timer terminal 211. 55 

Whenever the base receiving circuit 203 receives a time 
slot in the upward channel signal transmitted from the 
mobile station, the base SIR measurement unit 204 measures 
a SIR of the time slot in the upward channel signal. The base 
timer 210 measures an elapsed time. 60 

Turning to FIG. 9, description will proceed to the mobile 
station which is used as each of the first and the second 
mobile stations 61A and 62A. The mobile station comprises 
a mobile timer 610, a mobile timer terminal 611, and an 
accumulated control value renewing unit 614 as well as the 65 
mobile antenna 601, the mobile duplexer 602, the mobile 
receiving circuit 603, the mobile SIR measurement unit 604, 



the mobile transmission power control unit 605, the mobile 
transmitting circuit 606, the mobile output terminal 607, the 
mobile input terminal 608, the pilot signal power measure- 
ment unit 612, and the pilot signal power terminal 613. 

The mobile antenna 601 is connected to the mobile 
duplexer 602 which is connected to the mobile receiving 
circuit 603 and the mobile transmitting circuit 605. The 
mobile receiving circuit 603 is connected to the mobile SIR 
measurement unit 604, the mobile transmission power con- 
trol unit 605, the mobile output terminal 607, and the pilot 
signal power measurement unit 612 while the mobile trans- 
mitting circuit 606 is connected to the mobile SIR measure- 
ment unit 604, the mobile transmission power control unit 
605, and the accumulated control value renewing unit 614. 
The accumulated control value renewing unit 614 is con- 
nected to the mobile timer 610 which is connected to the 
mobile timer terminal 211. The pilot signal power measure- 
ment unit 612 is connected to the pilot signal power terminal 
613. 

Whenever the mobile receiving circuit 603 receives a time 
slot in the downward channel signal transmitted from the 
base station, the mobile SIR measurement unit 604 measures 
a SIR of the time slot in the downward channel signal. The 
mobile timer 610 measures an elapsed time. The accumu- 
lated control value renewing unit 614 renews an accumu- 
lated control value in the manner which will later be 
described. 

Turning to FIG. 10, the mobile receiving circuit 603 has 
a received signal input terminal 603fl for inputting an input 
received signal and a received signal output tenninal 603b 
for outputting an output received signal. The mobile receiv- 
ing circuit 603 comprises first through third downward 
channel signal receiving circuits 603-1, 603-2, and 603-3, a 
reception control section 603-4, and a combining section 
603-5. 

The received signal input terminal 603a is connected to 
the first through the third downward channel signal receiv- 
ing circuits 603-1 to 603-3 and the reception control section 
603-4. The reception control section 603-4 controls recep- 
tion operation of the first through the third downward 
channel signal receiving circuits 603-1 to 603-3. The first 
through the third downward channel signal receiving circuits 
603-1 to 603-3 are connected to the combining section 603-5 
which is connected to the received signal output terminal 
603£. With this structure, the mobile receiving circuit 603 
can receive the same signals transmitted from a plurality of 
base stations to combine them. That is, the mobile receiving 
circuit 603 serves as a Rake receiver which is well known in 
the art. 

Turning to FIG. 11, description will proceed to the control 
station 71A- The control station 71A has first and second 
input terminals 701 and 702 connected to the first and the 
second base stations 21Aand 22A, respectively, and first and 
second output terminals 703 and 704 connected to the first 
and the second base stations 21Aand 22A, respectively. The 
control station 71A comprises a notice receiving section 705 
connected to the first and the second input terminals 701 and 
702, a reference value calculating section 706 connected to 
the notice receiving section 705, and a notice transmitting 
section 709 connected to the reference value calculating 
section 706 and the first and the second output terminals 703 
and 704. 

Turing back to FIG. 7, description will be made about 
operation of the cellular type mobile communication system 
illustrated in FIG. 7. As described above, the first and the 
second base stations 21A and 22A act as the main and the 
auxiliary base stations, respectively, for the first mobile 
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station 61A which executes the soft handover. The first and 
the second base stations 21A and 22A transmit, to the first 
mobile station 61 A, the first main downward channel signal 
41a and the first auxiliary downward channel signal 416 
which have the same information except for the reverse 
control command for the reverse transmission power. 

In the first mobile station 61A, the mobile receiving 
circuit 603 (FIG. 9) receives the first main downward 
channel signal 41a and the first auxiliary downward channel 
signal 416 via the mobile antenna 601 (FIG. 9) and the 
mobile dup lexer 602 (FIG. 9) to combine them. The mobile 
receiving circuit 603 produces, as the output received signal, 
a combined received signal which is supplied to the mobile 
SIR measurement unit 604 (FIG. 9). The mobile measure- 
ment unit 604 measures a SIR for the combined received 
signal to obtain a measured mobile SIR value. In addition, 
the mobile SIR measurement unit 604 compares the mea- 
sured mobile SIR value with a target SIR value. When the 
measured mobile SIR value is smaller than the target SIR 
value, the mobile SIR measurement unit 604 supplies the 
mobile transmitting unit 606 (FIG. 9) with the forward 
control command indicative of increment of the forward 
transmission power. On the other hand, when the measured 
mobile SIR value is larger than the target SIR value, the 
mobile SIR measurement unit 604 supplies the mobile 
transmitting unit 606 with the forward control command 
indicative of decrement of the forward transmission power. 
The mobile transmitting unit 606 of the first mobile station 
61A transmits the first upward channel signal 51 including 
the forward control command to the first and the second base 
stations 21A and 22A via the mobile duplexer 602 and the 
mobile antenna 601. Likewise, the first base station 21A is 
operable as the main base station for the second mobile 
station 62A as mentioned before. The first base station 21A 
transmits the second downward channel signal to the second 
mobile station 62A. 

In the second mobile station 61A, the mobile receiving 
circuit 603 (FIG. 9) receives the second downward channel 
signal via the mobile antenna 601 (FIG. 9) and the mobile 
duplexer 602 (FIG. 9). The mobile receiving circuit 603 
produces the output received signal which is supplied to the 
mobile SIR measurement unit 604 (FIG. 9). The mobile 
measurement unit 604 measures a SIR for the output 
received signal to obtain a measured mobile SIR value. In 
addition, the mobile SIR measurement unit 604 compares 
the measured mobile SIR value with a target mobile SIR 
value. When the measured mobile SIR value is smaller than 
the target mobile SIR value, the mobile SIR measurement 
unit 604 supplies the mobile transmitting unit 606 (FIG. 9) 
with the forward control command indicative of increment 
of the forward transmission power. On the other hand, when 
the measured mobile SIR value is larger than the target 
mobile SIR value, the mobile SIR measurement unit 604 
supplies the mobile transmitting unit 606 with the forward 
control command indicative of decrement of the forward 
transmission power. The mobile transmitting unit 606 of the 
second mobile station 62A transmits the second upward 
channel signal 52 including the forward control command to 
the first base station 21A via the mobile duplexer 602 and the 
mobile antenna 601. 

During execution of the soft handover, each base station 
controls the forward transmission power using a reference 
transmission power C which is defined in a plurality of base 
stations in common. The reference transmission power C is 
defined in a common way so as to select one of a maximum 
value, a minimum value, and an intermediate value between 
the maximum value and the minimum value of the forward 
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transmission power per channel of the base station. 
Accordingly, if the maximum value and the minimum value 
of the forward transmission power are different from each 
other every the base station, the base stations may have the 

5 reference transmission powers C which are different from 
one another. However, in the example being illustrated, it 
will be assumed that all of the base stations have control 
ranges for the forward transmission power per channel that 
are equal to one another and all of the base stations have the 

1Q reference transmission power C which are equal to one 
another. 

Each of the base stations 21A and 22A carries out the 
reverse transmission control for the reverse link as follows. 
That is, each of the base stations 21A and 22A compares a 
measured base SIR value every slot with a target base SIR 

15 value by the base SIR measurement unit 204 (FIG. 8). When 
the measured base SIR value every slot is smaller than the 
target base SIR value, the base SIR measurement unit 204 
supplies the base transmitting circuit (FIG. 8) with the 
reverse control command indicative of increment of the 

20 reverse transmission power. On the other hand, when the 
measured base SIR value every slot is larger than the target 
base SIR value, the base SIR measurement unit 204 supplies 
the base transmitting circuit with the reverse control com- 
mand indicative of decrement of the reverse transmission 

25 power. The base transmitting circuit 206 of the first base 
station 21A transmits the first main downward channel 
signal 41a including the reverse control command to the first 
mobile station 61A via the base duplexer 202 (FIG. 8) and 
the base antenna 201 (FIG. 8) while the base transmitting 

30 circuit 206 of the first base station 21A transmits the second 
downward channel signal 42 including the reverse control 
command to the second mobile station 62A via the base 
duplexer 202 and the base antenna 201. In addition, the base 
transmitting circuit 206 of the second base station 22A 

35 transmits the first auxiliary downward channel signal 416 
including the reverse control command to the first mobile 
station 61A via the base duplexer 202 and the base antenna 
201. 

The second mobile station 62A controls the reverse trans- 

40 mission power for the second upward channel signal 52 in 
response to the reverse control command included in the 
second downward channel signal 42 transmitted from the 
first base station 21A with which the second mobile station 
62 establishes the channel. On the other hand, the first 

45 mobile station 61 A receives the first main downward chan- 
nel signal 41a and the first auxiliary downward channel 
signal 416 from the first and the second base stations 21A 
and 22A, respectively. This is because the first mobile 
station 61A simultaneously establishes the channels with the 

50 first and the secondbase stations 21A and 22A. If the reverse 
control command included in the first main downward 
channel signal 41a is different from that included in the first 
auxiliary downward channel signal 416, the first mobile 
station 61A controls the reverse transmission power for the 

55 first upward channel signal 51 in response to one of the 
reverse control commands that indicates that the reverse 
transmission power for the first upward channel signal 51 
becomes smaller 

Referring to FIG. 12 in addition to FIGS. 7 and 8, 

60 description will be made about a transmission power control 
for the forward link in the cellular type mobile communi- 
cation system illustrated in FIG. 7. FIG. 12 shows a flow 
chart for determining the forward transmission power P 
when the base station receives the forward control command 

65 from the mobile station during execution of the soft han- 
dover. It will be assumed that the forward transmission 
power P is represented by decibel (dB). 
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It will be presumed that the base station is the main base 
station which carries out transmission with the mobile 
station for a long time (No in a step S201). In this event, 
when the base station starts the soft handover with the 
mobile station, the forward transmission power P for the 
downward channel signal has a value set immediately before 
as that of the forward transmission power for the mobile 
station. It will be assumed that the base station is the 
auxiliary base station which newly starts transmission for 
the mobile station (Yes in the step S201). Under the 
circumstances, when the base station starts the soft handover 
with the mobile station, the forward transmission power P 
for the downward channel signal is set to an initial value PO 
at a step S201, namely, 

P=P0. 

The step S202 proceeds to a step S203 which follows No 
in the step S201. At the step S203, a measurement time Th 
for the base timer 201 (FIG. 8) is initialized to zero, namely, 

Tb=0. 

The main base station and the auxiliary base station have 
notice of a frame number for starting the soft handover from 
the control station 71 and initialize the measurement time Tb 
to zero on transmission of a frame indicated by the frame 
number. Therefore, the main base station and the auxiliary 
base station can simultaneously carry out initialization of the 
base timer 210 thereof. The initial value PO may be any 
value within a control range of the forward transmission 
power. 

The forward control command is sent from the mobile 
station to the base station at a predetermined time interval. 
The step S203 is succeeded by a step S204 at which the base 
transmission power control unit 205 determines whether or 
not a new forward control command is received. In other 
words, the base transmission power control unit 205 deter- 
mines whether or not there is a newly notified forward 
control command. When there is the newly notified forward 
control command, the step S204 is followed by a step S205 
at which the base transmission power control unit 205 
determines whether the newly notified forward control com- 
mand indicates increment or decrement of the forward 
transmission power for the forward link. When the newly 
notified forward control command indicates increment of the 
forward transmission power for the forward link, the step 
S205 is succeeded by a step S206 at which the base 
(transmission power control unit 205 makes the base trans- 
mitting circuit 206 increase the forward transmission power 
P for the forward link by a predetermined value AP, namely, 

P-P+AP. 

The predetermined value AP is called a changing step. On 
the other hand, when the newly notified forward control 
command indicates decrement of the forward transmission 
power for the forward link, the step S205 proceeds to a step 
S207 at which the base transmission power control unit 205 
makes the base transmitting circuit 206 decrease the forward 
transmission power P for the forward link by the predeter- 
mined value AP, namely, 

P«-P-AP. 

The steps S206 and S207 are succeeded by a step S208 at 
which the base transmission power control unit 205 deter- 
mines whether or not the measurement time Tb of the base 
timer 210 is longer than a time interval Tint. In other words, 
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the base transmission power control unit 205 determines 
whether or not the time interval Tint elapses in the base timer 
210. When the measurement time Tb is not longer than the 
time interval Tint, the base transmission power control unit 

5 205 turns from the step S208 to the step S204. When the 
measurement time Tb is not longer than the time interval 
Tint, the step S208 proceeds to a step S209 at which the base 
transmission power control unit 205 renews the forward 
transmission power P so that a value r (P t -C) obtained by 

10 multiplying a difference between the forward transmission 
power P fr before renewed and the reference transmission 
power C by a coefficient r is equal to a difference between 
the forward transmission power P fl after renewed and the 
reference transmission power C. That is: 

15 

P^r^-C^C. 

The coefficient r is referred to as a common rate. In the 
example being illustrated, the time interval Tint and the 

2Q coefficient r have predetermined constant values and the 
coefficient r is within a value between zero, inclusive, and 
one, exclusive. In addition, the reference transmission power 
C is equal to an intermediate transmission power (Pmax+ 
Pmin)/2 between a maximum transmission power Pmax in 

25 the forward transmission power and a minimum transmis- 
sion power Pmin in the forward transmission power, namely, 

C-(Pmax+Pmin)/2. 

The step S209 is succeeded by a step S210 at which the 
30 base transmission power control unit 205 determines 
whether or not the forward transmission power P is larger 
than the maximum transmission power Pmax, When the 
forward transmission power P is larger than the maximum 
transmission power Pmax, namely, 

35 

P>Pmax, 

the step S210 proceeds to a step S211 at which the base 
transmission power control unit 205 sets the forward trans- 
^ mission power P to the maximum transmission power Pmax, 
namely, 

P=Pmax. 

When the forward transmission power P is not larger than 
45 the maximum transmission power Pmax, the step S210 is 
followed by a step S212 which follows the step S211. At the 
step S212, the base transmission power control unit 205 
determines whether or not the forward transmission power P 
is smaller than a minimum transmission power Pmin, When 
50 the forward transmission power P is smaller than a minimum 
transmission power Pmin, namely, 

P<Pmin, 

s5 the step S212 proceeds to a step S213 at which the base 
transmission power control unit 205 sets the forward trans- 
mission power P to the minimum transmission power Pmin, 
namely, 

P-Pmin. 

60 

The base transmission power control unit 205 turns from 
No in the step S212 and the step S213 to the step S203. 

At any rate, a combination of the base receiving circuit 
203 and the base transmission power control unit 205 serves 
65 at the steps S204 to S207 as a first transmission power 
controller for repeatedly carrying out a first transmission 
power control operation for receiving the control command 
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for the transmission power from the mobile station 61A 
while the mobile station establishes the channels with the 
base stations 21 A and 22Aand for changing the transmission 
power P in response to the control command. In addition, the 
base transmission power control unit 205 acts at the step 5 
S209 as a second transmission power controller for repeat- 
edly carrying out a second transmission power control 
operation which renews the transmission power P so that the 
transmission powers Pa for the base stations 21A and 22A 
have less difference and approach the reference power which 10 
is defined in the base stations 21A and 22A. In other words, 
the base transmission power control unit 205 is operable at 
the step S209 as the second transmission power controller 
for repeatedly carrying out the second transmission power 
control operation where each of the base stations 21A and IS 
22A renews the transmission power P so that an absolute 
value |P-C| of a difference (P-C) between the reference 
power C in dB defined in the base stations 21A and 22A in 
common and the transmission power P in dB decreases at the 
common rate r in the base stations 21A and 22A. 20 

Although one mobile station carries out the soft handover 
with two base stations in the above-mentioned embodiment, 
the mobile station may carry out the soft handover with three 
or more base stations. In this event, whenever the base 
station carrying out the soft handover with the mobile station 25 
increases, processing is repeated from the step S201 to make 
up the measurement time Tb in the base timers 210 among 
the base stations. 

With the above-mentioned method, inasmuch as the main 
base station has the initial value of the forward transmission 30 
power which is different from that of the auxiliary base 
station at a time instant where the soft handover is started, 
there is a different (P1-P2) between a main transmission 
power PI of the main base station and an auxiliary trans- 
mission poser P2 of the auxiliary base station. In addition, if 35 
one or more base stations fail to receive the forward control 
command, the difference (P1-P2) between the main trans- 
mission power PI and the auxiliary transmission power P2 
may increase. However, each of the base stations receives 
the same forward control command in a part of the steps 40 
S204-S207 or a part of increasing or decreasing the forward 
transmission power in response to the forward control 
command transmitted from the mobile station, the difference 
(P1-P2) between the main transmission power PI and the 
auxiliary transmission power P2 will do not change if each 45 
of the base stations does not fail to receive the forward 
control command. This is because the main transmission 
power PI and the auxiliary transmission power P2 are 
increased or decreased in the similar manner. 

On the other hand, inasmuch as the main base station and 50 
the auxiliary base station simultaneously renew the main 
transmission power PI and the auxiliary transmission power 
P2 into r(Pl-C)+C and r(P2-C)+C, respectively, whenever 
the time interval Tint elapses as the measurement time Tb of 
the base timers 210 which are simultaneously initialized, the 55 
difference (P1-P2) between the main transmission power PI 
and the auxiliary transmission power P2 is changed to 
r(Pl-P2). In the manner which is described above, the 
difference between the forward transmission powers 
becomes r times every the time interval Tint. 60 

Inasmuch as the coefficient r is less than one, a difference 
between control amounts decreases in a geometrical series 
fashion to converge zero if the difference (P1-P2) between 
the main transmission power PI and the auxiliary transmis- 
sion power P2 does not increase due to an occurrence of 65 
reception error in a new forward control command. In 
addition, although the difference (P1-P2) between the main 



transmission power PI and the auxiliary transmission power 
P2 may increase due to the occurrence of the reception error 
in the new forward control command, it is possible to 
decrease the difference (P1-P2) of the main transmission 
power PI and the auxiliary transmission power P2. 
Accordingly, although each base channel fails in reception 
of the forward control command, it is possible to set the 
forward transmission powers Pi of the forward link to a 
nearly equal value between the base stations without 
exchange of information related to the forward transmission 
power between the base stations, where a suffix i is equal to 
one or two. 

That is, after the forward transmission power is increased 
or decreased in control of the part of the steps S204-S207, 
a difference between the forward transmission powers 
becomes less between the base stations and the forward 
transmission power is renewed so as to approach the refer- 
ence transmission power C which is defined by the base 
stations in common. 

In the manner described above, inasmuch as the base 
stations transmit, to the mobile station, the reverse control 
commands for the reverse transmission power control of the 
reverse link at a nearly equal power between the base 
stations during execution of the soft handover in the mobile 
station, the mobile station can receive all of the reverse 
control commands if the propagation losses from the respec- 
tive base stations to the mobile station are nearly equal to 
each other and if any base station has the propagation loss 
of the reverse link which may be minimum. Accordingly, the 
mobile station can control the reverse transmission power so 
that desired wave power is not an excess in any base station. 

In addition, inasmuch as the forward transmission power 
in the base station is controlled independently of the forward 
control command every the time interval Tint, the forward 
transmission power may be decreased even if the forward 
control command indicates the increment of the forward 
transmission power or the forward transmission power may 
be increased even if the forward control command indicates 
the decrement of the forward transmission power. A chang- 
ing amount of the forward transmission power by renewing 
the forward transmission powers Pi into r(Pi-C)+C is equal 
to |(l-rXC-Pi)| and its maximum value is equal to |(l-r) 
(C-Pmin)| or | (1-r) (C-Pmax)|. Inasmuch as the reference 
transmission power C is equal to the average transmission 
power (Pmax+Pmin)/2 between the maximum transmission 
power Pmax and the minimum transmission power Pmin in 
this embodiment, it is possible to reduce the maximum value 
of the changing amount of the forward transmission power. 
Accordingly, it is possible to reduce an effect where the 
reception quality is degraded caused by deficiency of the 
forward transmission power by controlling every the time 
interval Tint and to reduce another effect which increases the 
interference wave power of the forward link due to an excess 
of the forward transmission power. 

Description will proceed to still other embodiments of the 
present invention. 

A transmission power control method for the cellular type 
mobile communication system according to a third embodi- 
ment of the present invention is similar in structure and 
operation to that according to the second embodiment except 
for the determination of the reference transmission power C. 
In the third embodiment, the reference transmission power 
C is equal to the maximum transmission power Pmax in the 
forward transmission power. 

In the third embodiment, in the similar manner to the 
second embodiment, although each base station fails in 
reception of the forward control command, it is possible to 
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set the forward transmission powers Pi of the forward link 
to a nearly equal value between the base stations without 
exchange of information related to the forward transmission 
powers between the base stations. 

In the third embodiment, the forward transmission power 5 
is increased by (1-r) (Pmax-Pi) every the time interval Tint 
by renewing the forward transmission powers Pi (i=l, 2) into 
r(Pi-Q+C, respectively. Accordingly, this method accord- 
ing to the third embodiment is advantageous in that it is 
possible to prevent the reception quality degrading caused 10 
by deficiency of the forward transmission power. 

A transmission power control method for the cellular type 
mobile communication system according to a fourth 
embodiment of the present invention is similar in structure 
and operation to that according to the second embodiment IS 
except for the determination of the reference transmission 
power C. In the fourth embodiment, the reference transmis- 
sion power C is equal to the minimum transmission power 
Pmin in the forward transmission power. 

In the fourth embodiment, in the similar manner to the 20 
second embodiment, although each base station fails in 
reception of the forward control command, it is possible to 
set the forward transmission powers Pi of the forward link 
to a nearly equal value between the base stations without 
exchange of information related to the forward transmission 25 
powers between the base stations. 

In the fourth embodiment, the forward transmission 
power is decreased by (l-r)(Pi-Pmin) every time interval 
Tint by renewing the forward transmission powers Pi (i-1, 
2) into r(Pi-C)+C, respectively. Accordingly, this method 30 
according to the fourth embodiment is advantageous in that 
it is possible to prevent the interference wave power of the 
forward link increasing caused by an excess of the forward 
transmission power. 

Description will proceed to yet other embodiments of the 35 
present invention. 

A transmission power control method for the cellular type 
mobile communication system according to a fifth embodi- 
ment of the present invention is similar in structure and 
operation to that according to the second embodiment except 40 
for the determination of the reference transmission power C. 

In the fifth embodiment, each of the main base station and 
the auxiliary base station for the mobile station executing the 
soft handover simultaneously calculates an average value of 
the forward transmission power for the mobile station and 45 
send the average value as a statistical value of the forward 
transmission power to the control station 71A. The control 
station 71A determines, as a reference value indicating the 
reference transmission power C, one of the statistical values 
of the forward transmission powers that is sent from the 50 
main base station and sends the reference transmission 
power C to each of the base stations. In addition, each of the 
base stations uses the reference transmission power C hav- 
ing the reference value sent from the control station 71A on 
renewing the forward transmission power for the mobile 55 
station in question. 

According to the transmission power control method of 
the fifth embodiment, in the similar manner to the second 
embodiment, although each base station fails in reception of 
the forward control command, it is possible to set the 60 
forward transmission powers Pi of the forward link to a 
nearly equal value between the base stations. In addition, 
inasmuch as the reference transmission power C within 
which the forward transmission power actually changes is 
set in each base station, a difference between an actual 65 
forward transmission power and the reference transmission 
power C is reduced. Accordingly, variation of the forward 



transmission power due to renewing of the forward trans- 
mission power every the time interval Tint is small and it is 
possible to restrain an effect where the forward transmission 
power is insufficient or excessive to the minimum. In 
addition, the control station 71A determines, as the reference 
value indicating the reference transmission power C, the 
statistical value sent from the main base station. Inasmuch as 
the main base station has a minimum average value of the 
propagation loss for the mobile station, the reference trans- 
mission power has highest reliability. Accordingly, it is 
possible to reduce the variation of the forward transmission 
power due to renewing of the forward transmission power 
every the time interval Tint all the more. 

As described above, the statistical value of the forward 
transmission power and the reference transmission power 
are exchanged between the base station and the control 
station 71A. Inasmuch as this exchange is carried out at a 
time period longer than a control period for the transmission 
power control, a transmission amount of control information 
between the base station and the control station 71A is 
almost no problem. In addition, although there is delayed 
time, it is possible to set the forward transmission powers to 
be equal to each other without a difficulty if the delayed time 
is the same between the base stations. Accordingly, it is 
possible to set the forward transmission powers to be equal 
to each other with a little transmission amount of control 
signals between the base station and the control station and 
with the effect where the forward transmission power is 
insufficient or excessive caused by a large variation of the 
forward transmission power restrained. 

A transmission power control method for the cellular type 
mobile communication system according to a sixth embodi- 
ment of the present invention is similar in structure and 
operation to that according to the fifth embodiment except 
for a method of determining the reference transmission 
power C in the control station 71A. 

In the sixth embodiment, the control station 71 A 
determines, as the reference value indicating the reference 
transmission power C, a maximum one of the statistical 
values of the forward transmission powers that are sent from 
the base stations and send the reference value to each of the 
base stations. 

In the sixth embodiment, inasmuch as the control station 
71A determines the reference value indicating the reference 
transmission power C using the statistical value of the base 
station having a larger forward transmission power in a case 
where there is a difference between the forward transmission 
powers of the base stations caused by reception error of the 
forward control command and the statistical values of the 
forward transmission powers sent from the base stations to 
the control station 71A are different from each other, the 
reference transmission power C is not determined in any 
base station to be smaller for a value within a range where 
the forward transmission power actually varies. 
Accordingly, it is possible to reduce a probability of degra- 
dation of the reception quality by reducing a probability that 
the forward transmission power is insufficient on renewing 
of the forward transmission power every the time interval 
Tint. 

A transmission power control method for the cellular type 
mobile communication system according to a seventh 
embodiment of the present invention is similar in structure 
and operation to that according to the fifth embodiment 
except that the base stations set the coefficients or the 
common rates in accordance with information transmitted 
from the mobile station individually instead of using the 
constant coefficient or the constant rate 
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In the seventh embodiment, there is first and second 
coefficients (rates) rl and r2 as candidates of the coefficient 
(common rate) r, where each of the first and the second 
coefficients (rates) rl and r2 is not less than zero and is less 
than one and the second coefficient (rate) r2 is smaller than 5 
the first coefficient (rate) rl. When a difference between a 
maximum value and a minimum value in the statistical 
values of the forward transmission powers sent from the 
base stations is smaller than a predetermined reference 
value, the control station 71A (the reference value calculat- 10 
ing section 706) sets the first coefficient (rate) rl as the 
coefficient (common rate) r and sends the first coefficient 
(rate) rl to the base stations. When the difference between 
the maximum value and the minimum value in the statistical 
values of the forward transmission powers sent from the 15 
base stations is larger than the predetermined reference 
value, the control station 71A (the reference value calculat- 
ing section 706) sets the second coefficient (rate) r2 as the 
coefficient (common rate) r and sends the second coefficient 
(rate) r2 to the base stations. In addition, each of the base 20 
stations uses the sent coefficient (rate) as the common rate r. 

At any rate, the reference value calculating section 706 of 
the control station 71A determines the common rate r in 
accordance with mutual difference among the statistical 
values of the base stations. 25 

According to the transmission power control method of 
the seventh embodiment, the difference between the forward 
transmission powers becomes r times every the time interval 
Tint. It will be assumed that the reception error of the 
forward control command sent from the mobile station to the 30 
base station has a high probability and a mutual difference 
between the forward transmission powers of the base sta- 
tions is large. In this event, inasmuch as the coefficient 
(common rate) r is set to a smaller value, it is possible to 
reduce the difference between the forward transmission 35 
powers at a short time interval. On the other hand, it will be 
presumed that the reception error of the forward control 
command has a low probability and a mutual difference 
between the forward transmission powers of the base sta- 
tions is small. In this event, inasmuch as the coefficient 40 
(common rate) r is set to a larger value, it is possible to 
reduce variation of the forward transmission power every 
the time interval Tint and to reduce a degree where the 
forward transmission power is insufficient or excessive. 

A transmission power control method for the cellular type 45 
mobile communication system according to an eighth 
embodiment of the present invention is similar in structure 
and operation to that according to the fifth embodiment 
except that the base stations set the time intervals in accor- 
dance with the mobile station individually instead of using 50 
the constant time interval Tint. 

In the eighth embodiment, there is first and second time 
intervals Tintl and Tint2 as candidates of the time interval 
Tint, where the second time interval Tint2 is shorter than the 
first time interval Tintl. When a difference between a maxi- 55 
mum value and a minimum value in the statistical values of 
the forward transmission powers sent from the base stations 
is smaller than a predetermined reference value, the control 
station 71 A (the reference value calculating section 706) sets 
the first time interval Tintl as the time interval Tint and sends 60 
the first time interval Tintl to the base stations. When the 
difference between the maximum value and the minimum 
value in the statistical values of the forward transmission 
powers sent from the base stations is larger than the prede- 
termined reference value, the control station 71A (the ref- 65 
erence value calculating section 706) sets the second time 
interval Tint2 as the time interval Tmt and sends the second 



time interval Tint2 to the base stations. In addition, each of 
the base stations uses the sent time interval lint. 

At any rate, the reference value calculating section 706 of 
the control section 71A determines frequency for renewing 
the transmission power P by the common rate r in accor- 
dance with mutual differences among the statistical values of 
the base stations. 

According to the transmission power control method of 
the eighth embodiment, the difference between the forward 
transmission powers becomes r times every the time interval 
Tint. It will be assumed that the reception error of the 
forward control command sent from the mobile station to the 
base station has a high probability and a mutual difference 
between the forward transmission powers of the base sta- 
tions is large. In this event, inasmuch as the time interval 
Tint is set to a shorter one, it is possible to rapidly reduce the 
difference between the forward transmission powers. On the 
other hand, it will be presumed that the reception error of the 
forward control command has a low probability and the 
mutual difference between the forward transmission powers 
of the base stations is small. In this event, inasmuch as the 
time interval Tint is set to a longer one, it is possible to 
reduce frequency of renewal of the forward transmission 
power every the time interval Tint and to reduce frequency 
where the forward transmission power is insufficient or 
excessive caused by variation due to the renewal. 

A transmission power control method for the cellular type 
mobile communication system according to a ninth embodi- 
ment of the present invention is carried out in the cellular 
type mobile communication system illustrated in FIG. 7. In 
the similar procedure described in the second embodiment, 
each of the first and the second mobile stations 61 A and 62A 
measures the received powers of the first and the second 
pilot signals 31 and 32 and establishes the channels with the 
main base station and the auxiliary base station on carrying 
out communication. In addition, in the similar manner 
described in the second embodiment, each of the first and the 
secondbase stations 21Aand 22A measures, on reception of 
the time slot which the mobile station transmits, the SIR of 
the time slot while each of the first and the second 61A and 
62A measures, on reception of the time slot which base 
station transmits, the SIR of the time slot. Furthermore, in 
the similar manner described in the second embodiment, the 
first and the second base stations 21Aand 22A, which are the 
main and the auxiliary base stations for the first mobile 
station 61 executing the soft handover, transmit, to the first 
mobile station 61A, the first main downward channel signal 
41a and the first auxiliary downward channel signal which 
include the same information except for the reverse control 
command for the reverse transmission power. 

In the similar manner described in the second 
embodiment, the first mobile station 61 receives the first 
main downward channel signal 41a and the first auxiliary 
downward channel signal 41b to combine them, measures 
the SIR of the combined downward channel signal, and 
compares the measured mobile SIR value with the target 
mobile SIR value. When the measured mobile SIR value is 
smaller than the target mobile SIR value, the forward control 
command indicates increment of the forward transmission 
power. When the measured mobile SIR value if larger than 
the target mobile SIR value, the forward control command 
indicates decrement of the forward transmission power. The 
first mobile station 61A transmits the forward control com- 
mand to the first and the second base stations 21Aand 22 A. 
Likewise, the second mobile station 62A transmits the 
forward control command to the first base station 21A. In 
addition, a method of controlling the reverse transmission 
power of the reverse link is similar to the second embodi- 
ment. 
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As shown in FIG. 9, the first mobile station 61 A includes 
the mobile timer 601 for measuring an elapsed time. 

Although description will be made using flow charts, the 
power is represented by decibel (dB) in the flow charts ant 
those descriptions. 5 

FIG. 13 is a flow chart for use in describing operation 
where the mobile station calculates an accumulated control 
value A to send it to the base station during execution of the 
soft handover. When the soft handover is started, the mobile 
station initializes the accumulated control value A into zero 10 
at a step S301, namely, 

A-0. 

The step S301 proceeds to a step S302 at which a 
measurement time Tm for the mobile timer 610 (FIG. 9) is 15 
initialized to zero, namely, 

Tm-0. 

When the mobile station transmits the forward control 20 
command to the base station (Yes in a step S303), the step 
S303 is succeeded by a step S304 at which the mobile station 
determines whether the forward control command indicates 
the increment or the decrement of the forward transmission 
power. When the forward control command indicates the 25 
increment of the forward transmission power, the step S304 
is followed by a step S305 at which the mobile station 
increments the accumulated control value A by a predeter- 
mined value AA, namely, 

30 

A«-A+AA. 

On the other hand, when the forward control command 
indicates the decrement of the forward transmission power, 
the step S304 proceeds to a step S306 at which the mobile ^ 
station decrements the accumulated control value A by the 
predetermined value AA, namely, 

A— A-AA. 

40 

The steps S305 and S306 are succeeded by a step S307 at 
which the mobile station determines whether or not the 
measurement time Tm of the mobile timer 610 is longer than 
a time interval Tint. In other words, the mobile station 
determines whether or not the time interval Tint elapses in 45 
the mobile timer 610. When the measurement time Tm is not 
longer than the time interval Tint, the mobile station turns 
from the step S307 to the step S303. When the measurement 
time Tm is not longer than the time interval Tint, the step 
S307 proceeds to a step S308 at which the mobile station 50 
transmits the accumulated control value A to each of the base 
stations. The mobile station turns from the step S308 to the 
step S302. 

FIG. 14 is a flow chart for use in describing operation 
where the base station receives the forward control com- 55 
mand from the mobile station, determines the forward 
transmission power of the forward link, and carries out 
transmission of the downward channel signal. 

It will be presumed that the base station is the main base 
station which carries out transmission with the mobile 60 
station for a long time (No in a step S401). In this event, 
when the base station starts the soft handover with the 
mobile station, the forward transmission power P for the 
downward channel signal has a value set immediately before 
as that of the forward transmission power for the mobile 65 
station. It will be assumed that the base station is the 
auxiliary base station which newly starts transmission for 
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the mobile station (Yes in the step S401). Under the 
circumstances, when the base station starts the soft handover 
with the mobile station, the forward transmission power P 
for the downward channel signal is set to an initial value P0 
at a step S402, namely, 

P=P0. 

Although the initial value P0 may be any value within a 
control range for the forward transmission power, the initial 
value PO is equal to a maximum transmission power Pmax 
in the forward transmission power in the example being 
illustrated. 

The forward control command is sent from the mobile 
station to the base station at a predetermined time interval. 
The step S402 proceeds to a step S403 which follows No in 
the step S401. At the step S403, the base transmission power 
control unit 205 (FIG. 8) determines whether or not a new 
forward control command is received in the base receiving 
circuit 203 (FIG. 8). In other words, the base transmission 
power control unit 205 determines whether or not there is a 
newly notified forward control command. When there is the 
newly notified forward control command, the step S403 is 
followed by a step S403 at which the base transmission 
power control unit 205 determines whether the newly noti- 
fied forward control command indicates increment or dec- 
rement of the forward transmission power for the forward 
link. When the newly notified forward control command 
indicates increment of the forward transmission power for 
the forward link, the step S404 is succeeded by a step S405 
at which the base transmission power control unit 205 makes 
the base transmitting circuit 206 increase the forward trans- 
mission power P for the forward link by a predetermined 
value AP, namely, 

P«-P+AP. 

The predetermined value AP is called a changing step. On 
the other hand, when the newly notified forward control 
command indicates decrement of the forward transmission 
power for the forward link, the step S404 proceeds to a step 
S406 at which the base transmission power control unit 205 
makes the base transmitting circuit 206 decrease the forward 
transmission power P for the forward link by the predeter- 
mined value AP, namely, 

P—P-AP. 

The predetermined value AP used in the base station is set 
to be equal to the predetermined value AAused in the mobile 
station, namely, 

AP=AA. 

The steps S405 and S406 are succeeded by a step S407 at 
which the base transmission power control unit 205 deter- 
mines whether or not the base receiving circuit 203 receives 
the accumulated control value A from the mobile station. 
When the base receiving circuit 203 does not receive the 
accumulated control value A, the base transmission power 
control unit 205 turns from the step S407 to the step S403. 
When the base receiving circuit 203 receives the accumu- 
lated control value A, the step S407 is followed by a step 
S408 at which the base transmission power control unit 205 
calculates a reference transmission power C as the sum of 
the initial value P0 and the accumulated control value A, 
namely, 

OP0+A. 
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The step S408 proceeds to a step S409 at which the base for repeatedly carrying out the second transmission power 

transmission power control unit 205 renews the forward control operation where each of the base stations 21A and 

transmission power P so that a value r(P fr -C) obtained by 22A renews the transmission power P so that an absolute 

multiplying a difference between the forward transmission value |P-C| of a difference (P-C) between the reference 

power ? b before renewed and the reference transmission 5 power C in dB defined in the base stations 21A and 22A in 

power C by a coefficient r is equal to a difference between common and the transmission power P in dB decreases at the 

the forward transmission power ? a after renewed and the common rate r in the base stations 21A and 22A. 

reference transmission power C. That is: With this method, there is a difference (P1-P2) between 

a main transmission power PI of the main base station and 

P.-KPfr-Q+C. 10 an auxiliary transmission power P2 of the auxiliary base 

rrm n- • • ^ j * r L. station at a time instant where the soft handover is started. 

The coefficient r is referred to as a common rate. In the ii~ ww - ;e tt™»~ .v nn — - • f , f , , « « 

... ... ^ , , . . . , _. A . . However, it there is no reception error in the forward control 

example being wustrated, the time interval Tint and the command the WBmax , he main ^ 

coefficen r have predetermmcd consUnt values and the mission wer pl ^ the \ uxilia ^ transmission power n 

coefficient r is within a value between zero, inclusive, and 1C . wm „ r /r>i m\ 

, IS becomes r times and the difference (P1-P2) converges zero, 
fine p hi live 

' . ^Afxn j , , t PjMft 4 Accordingly, it is possible to set the forward transmission 

The step S409 is succeeded by a step S410 at which the *rl \u u > r * i u- u w 

. . • . / i •* ™* j . • powers for the base stations to values which are equal to 

base transmission power control unit 205 determines omef 

whether or not the forward transmission power P is larger , Q ^ m this me , ho ^ renewal fof makin ^ 

Oian the maximum transmission power Pmax. When the 2Q forward transmission po wer P approach the reference ^ 

forward transmission power P is larger than the maximum • • M „„ ^ . , a . , t . . , T , 

. . & mission power C is repeatedly carried out. Inasmuch as the 

transmission power Pm ax, namely, f _ t . . ~ , . , . , . t , iL 

^ ' 7 ' reference transmission power C, which is calculated as the 

p>Pmax sum of the initial value P0 and the accumulated control value 

A, increases or decreases in the similar manner as the 
the step S410 proceeds to a step S411 at which the base 25 forward transmission power P at a slot unit, the reference 
transmission power control unit 205 sets the forward trans- transmission power C and the forward transmission power P 
mission power P to the maximum transmission power Pmax, arc nearly equal to each other at a time when the accumu- 
namely, lated control value A is sent. Accordingly, the forward 

transmission power P changes hardly by renewing the for- 
p-Pmax. 30 ward transmission power P in the channel where the recep- 

tion error does not occur. In addition, the forward transmis- 
When the forward transmission power P is not larger than s j on p approaches the reference transmission power 

the maximum transmission power Pmax, the step S410 is C in the channel where the forward transmission power P is 
followed by a step S412 which follows the step S411. At the different from the reference transmission power C due to 
step S412, the base transmission power control unit 205 35 occurrence of the reception error in the forward control 
determines whether or not the forward transmission power P command. As a result, when the auxiliary base station 
is smaller than a minimum transmission power Pmin, havmg a re l at ively bad channel quality has the forward 
namely, transmission power which is different from that of the main 

base station, only the forward transmission power of the 
40 auxiliary base station is corrected without almost affecting 



P<Pmin, 



the step S412 proceeds to a step S413 at which the base me Emission power control for the main base station 

transmission power control unit 205 sets the forward trans- which ma y have a relalivel V g°°d channel quality. In the 

mission power P to the minimum transmission power Pmin, manner as descnbed above > 11 * possible to reduce effect 

namely where the forward transmission power is insufficient or 

45 excessive on equalizing the forward transmission powers 

P-Pmin. among the base stations. 

In addition, the method illustrated in FIGS. 13 and 14 is 

The base transmission power control unit 205 turns from carried out in the similar manner in a case where the mobile 

No in the step S412 and the step S413 to the step S403. station establishes the channel with only one base station 

At any rate, a combination of the base receiving circuit 50 during no execution of the soft handover. In this case, when 

203 and the base transmission power control unit 205 serves the soft handover is started or when the new auxiliary base 

at the steps S403 to S406 as a first transmission power station is added, it is possible to carry out the method 

controller for repeatedly carrying out a first transmission without a difficulty although the control is continued in the 

power control operation for receiving the control command entirely similar manner with reference to the flow chart 

for the transmission power from the mobile station 61A 55 illustrated in FIG. 13 without initialization of the accumu- 

while the mobile station establishes the channels with the lated control value A 

base stations 21 A and 22A and for changing the transmission A transmission power control method for the cellular type 

power P in response to the control command. In addition, the mobile communication system according to a tenth embodi- 

base transmission power control unit 205 acts at the step ment of the present invention is carried out in the cellular 

S409 as a second transmission power controller for repeat- 60 type mobile communication system illustrated in FIG. 7. In 

edly carrying out a second transmission power control the similar procedure described in the second embodiment, 

operation which renews the transmission power P so that the each of the first and the second mobile stations 61 A and 62 A 

transmission powers P a for the base stations 21A and 22A measures the received powers of the first and the second 

have less difference and approach the reference power which pilot signals 31 and 32 and establishes the channels with the 

is defined in the base stations 21A and 22 A In other words, 65 main base station and the auxiliary base station on carrying 

the base transmission power control unit 205 is operable at out communication. In addition, in the similar manner 

the step S409 as the second transmission power controller described in the second embodiment, each of the first and the 
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second base stations 21A and 22A measures, on reception of 
the time slot which the mobile station transmits, the SIR of 
the time slot while each of the first and the second 61 A and 
62A measures, on reception of the time slot which base 
station transmits, the SIR of the time slot. Furthermore, in 5 
the similar manner described in the second embodiment, the 
first and the second base stations 21A and 22A, which are the 
main and the auxiliary base stations for the first mobile 
station 61 executing the soft handover, transmit, to the first 
mobile station 61 A, the first main downward channel signal 10 
41a and the first auxiliary downward channel signal which 
include the same information except for the reverse control 
command for the reverse transmission power. 

In the similar manner described in the second 
embodiment, the first mobile station 61 receives the first 15 
main downward channel signal 41a and the first auxiliary 
downward channel signal 41b to combine them, measures 
the SIR of the combined downward channel signal, and 
compares the measured mobile SIR value with the target 
mobile SIR value. When the measured mobile SIR value is 20 
smaller than the target mobile SIR value, the forward control 
command indicates increment of the forward transmission 
power. When the measured mobile SIR value if larger than 
the target mobile SIR value, the forward control command 
indicates decrement of the forward transmission power. The 25 
first mobile station 61A transmits the forward control com- 
mand to the first and the second base stations 21A and 22A. 
Likewise, the second mobile station 62A transmits the 
forward control command to the first base station 21A. In 
addition, a method of controlling the reverse transmission 30 
power of the reverse link is similar to the second embodi- 
ment. 

Although description will be made using a flow chart, the 
power is represented by decibel (dB) in the flow chart and 
its description. 35 

FIG. 15 is a flow chart for use in describing operation 
where the base station receives the forward control com- 
mand from the mobile station and determines the forward 
transmission power of the forward link during execution of 
the soft handover. 40 

It will be presumed that the base station is the main base 
station which carries out transmission with the mobile 
station for a long time (No in a step S401). In this event, 
when the base station starts the soft handover with the 
mobile station, the forward transmission power P for the 45 
downward channel signal has a value set immediately before 
as that of the forward transmission power for the mobile 
station. It will be assumed that basestation is the auxiliary 
base station which newly starts transmission for the mobile 
station (Yes in the step S501). Under the circumstances, 50 
when the base station starts the soft handover with the 
mobile station, the forward transmission power P for the 
downward channel signal is set to an initial value PO at a step 
S402, namely, 

P-PO. 

The initial value PO may be any value within a control 
range for the forward transmission power. The mobile 
station transmits, to the base station, the upward channel 
signal comprising time slots each of which includes the 60 
forward control command. The step S502 proceeds to a step 
S503 which follows No in the step S501. At the step S5Q3, 
the base transmission power control unit 205 (FIG. 8) 
determines whether or not the base receiving circuit 203 
(FIG. 8) receives a time slot of the upward channel signal 65 
from the mobile station. When the base receiving circuit 203 
receives the time slot of the upward channel signal, the step 



S503 is followed by a step S504 at which the base trans- 
mission power control unit 205 determines whether the 
forward control command in the time slot indicates incre- 
ment or decrement of the forward transmission power for the 
for wardlink. When the forward control command in the 
time slot indicates increment of the forward transmission 
power for the forward link, the step S504 is succeeded by a 
step S505 at which the base transmission power control unit 
205 makes the base transmitting circuit 206 increase the 
forward transmission power P for the forward link by a 
predetermined value AP, namely, 

p— P+AP. 

The predetermined value AP is called a changing step. On 
the other hand, when the forward control command in the 
time slot indicates decrement of the forward transmission 
power for the forward link, the step S504 proceeds to a step 
S506 at which the base transmission power control unit 205 
makes the base transmitting circuit 206 decrease the forward 
transmission power P for the forward link by the predeter- 
mined value AP, namely, 



The steps 505 and 506 are followed by a step S507 at 
which the base transmission power control unit 205 renews 
the forward transmission power P so that a value r(P t -C) 
obtained by multiplying a difference between the forward 
transmission power P b before renewed and a predetermined 
reference transmission power C by a coefficient r is equal to 
a difference between the forward transmission power P a 
after renewed and the predetermined reference transmission 
power C. That is: 

P.-rCP^CHC. 

The coeflicient r is referred to as a common rate. The step 
S507 is succeeded by a step S408 at which the base 
transmission power control unit 205 determines whether or 
not the forward transmission power P is larger than a 
maximum transmission power Pmax. When the forward 
transmission power P is larger than the maximum transmis- 
sion power Pmax, namely, 



P>Pmax, 

the step S508 proceeds to a step S509 at which the base 
transmission power control unit 205 sets the forward trans- 
mission power P to the maximum transmission power Pmax, 
namely, 

P=Pmax. 

When the forward transmission power P is not larger than 
the maximum transmission power Pmax, the step S508 is 
followed by a step S510 which follows the step S509. At the 
step S510, the base transmission power control unit 205 
determines whether or not the forward transmission power P 
is smaller than a minimum transmission power Pmin When 
the forward transmission power P is smaller than a minimum 
transmission power Pmin, namely, 

P<Pmin, 

the step S510 proceeds to a step S511 at which the base 
transmission power control unit 205 sets the forward trans 
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mission power P to the minimum transmission power Pmin, With the above-mentioned method, in the similar manner 
namely, as described in the second embodiment, inasmuch as the 

main base station has the initial value of the forward 
p " pmuL transmission power which is different from that of the 

„ . . . . . 5 auxiliary base station at a time instant where the soft 

The base transmission power control unit 205 turns from u„„,j •, «.* j *■ • j- ff * /m m\ u * 

» t • ,i . cc1fl , . cc11i 4 , , 0 ™ handover is started, there is a different (P1-P2) between a 

No in the step S51D and the step S511 to the step S5Q3. « • * * • n i • i_ * *• j 

u ^ o vy au i i " v . main transmission power PI of the mam base station and an 

Al any rate, a combination of the base receiving circuit „ -i • . „ • - 4 . . . 

<+ M a i_ i • • i auxiliary transmission poser P2 of the auxiliary base station. 

203 and the base transmission power control unit 205 serves » jj*- r . 4 r •* * • 

, * , " F ^ In addition, if one or more base stations fail to receive the 

at the steps S503 to S506 as a first transmission power j m i j .l j-o? mi m\ u 

„ *V „ . - < . 10 forward control command, the difference (PI P2) between 

controller for repeatedly carrying out a first transmission „ . , „- ■ m j *u *i- 

, F . J . ' . 6 . , the mam transmission power PI and the auxiliary transmis- 

power control operation for receiving the control command • „ nn „ rar rn , :i u™„™.. M «u «p *u„ 

K . . - , ... . sion power F2 may increase. However, each ot the base 

tor the transmission power from the mobile station 61A . .u e j . i j • 

. . , t , , , , , . , . stations receives the same forward control command m a 

while the mobile station establishes the channels with the nrirt nf f t, D QCA ^ ccn ^ _ „ nf • „ • r 

, . . . . - . . , . . part or trie steps S5U6 or a part or increasing or 

basestaUonsaiAandaMandforchangmgthetransmjssion a decreasi mc forward transmission m response to 

powerPmresponsetothccontro command. In addition, the ^ forward mmmtnA transmitted from the mobile 

base transmission power control unit 205 acts at the step 4 j-rr m i u *u * 

■ . . „ F station, the difference (P1-P2) between the mam transmis- 

S507 as a second transition power controller for repeat- ^ pl and the V auxiliai ; transmission power P2 will 

edly carrying out a second transmission power control do no , ch ff each of ^ base stations does ^ fefl tQ 

operation which renews the transmission power P so that the „ rt A • m J -a * i j -n.- ■ u *u 

r r , , " _ A , „ A 20 receive the forward control command. This is because the 

transmission powers P„ for the base stations 21A and 22A m „ • D1 „„ , f « ^ *.„„ r ,„^„- 

, . f , . „ ... mam transmission power PI and the auxiliary transmission 

nave less amerence ana approacb the reference power wtncb n 

are increased or decreased in the similar manner. 

b defined m the base stations 21A and 22A. In other words, OQ the Qther hajjd ^ , he main base s(ation an£| 

he base tr^smission power control unit 205 i> operable at ^ auxflia base statioQ simultaQeouslv renew , he maio 
the step S507 as the second I transmission power controller 25 awsmissioa n and ^ auxiu transmission power 

for repeatedly carrying out second transmission power pj int0 ^.q+c ^ r^-Q+C in the step S507, 

control opera ion where each of the base stations 21A and re tivel the ^ &Ka(x ^i.t^fbctween the main trans- 
22A renews the transmission power P so that an absolute • • r». j .u ••• . • • ™ 

■ in ^.i r , ^ " mission power PI and the auxiliary transmission power P2 

value |P-C| of a difference (P-Q between the reference ^ ch d , Q f , n ^ manner whjch fa describe(J 

power Cm dB defined in the base stat«ons 21A and 22Am w abo me difference ^, etween ^ fotward frin8misaioil 

common and the transmission power P m dB decreases at the . .. , . , , 

• , i ... . „ . powers becomes r Umes every the time slot. Inasmuch as the 

common rate r m the base stations 21A and 22A. coefficient r is less than one, a difference between control 

In the example being illustrated, the predetermined ref- amoun)s decfeases m a ettical ^ fashion t0 ^ 
erence transmission power C is equal to the maximum ^ tf ^ differeDCe (pl _p2) between ^ main 

transmission power Pmax, namely, 35 b3mmission power P1 and me auxiliary transmission power 

c=Pmax P2 does not increase due to an occurrence of reception error 

in a new forward control command. In addition, although the 
The coefficient r is set within a range between zero, difference (P1-P2) between the main transmission power PI 
inclusive, and one, exclusive. Specifically, the coefficient r is and tne auxiliary transmission power P2 may increase due to 
set so that a changing amount {r(P-C)+C}-P, namely, (1-r) 40 the occurrence of the reception error in the new forward 
(C-P) of the forward transmission power P in the step S507 control command, it is possible to decrease the difference 
is smaller than the predetermined value AP of the forward (P1-P2) of the main transmission power PI and the auxil- 
transmission power P in the steps S505 and S506. This is ia ry transmission power P2. Accordingly, although each 
because it is necessary to increase or decrease the forward base channel fails in reception of the forward control 
transmission power Pin accordance with the forward control 45 command, it is possible to set the forward transmission 
command from the mobile station. That is, the coefficient r powers PI and P2 of the forward link to a nearly equal value 
has a setting range as follows: between the base stations without exchange of information 

related to the forward transmission power between the base 
i-AP/(c-P)<r<i. stations. In the manner described above, it is possible to 

50 obtain a similar effect in the second embodiment. 
Inasmuch as the predeterrnined reference transmission while this invention has thus far been described in 
power C is equal to the maximum transmission power Pmax conjunction with preferred embodiments thereof, it will now 
in the example being illustrated, the setting range of the be readily possible for those skilled in the art to put this 
coefficient r becomes as follows: invention into various other manners. For example, although 

ss the SIR is measured in the base station in order to control the 
l-AP/(Pmax-P)<r<l. reverse transmission power of the reverse link in all of the 

It will be assumed that a difference between the maximum above-mentioned embodiments, it may adopt another 
transmission power Pmax and the minimum transmission mcthod which comprises the steps of measuring a desired 
power Pmin is equal to 10 dB and the predetermined value wave P° t wer and of ^mining the reverse control com- 
AP is equal to 1 dB. Under the circumstances, the setting 60 mand of lhe reverse . transmission power for the mobile 

range of the coefficient r becomes as follows: statl0n 50 that the desired wave P° wer has a constant value * 

In addition, although each of the above-mentioned 

0 9 <r< i embodiments exemplifies a case where the forward control 

command for the forward transmission power control of the 

Desirably, the coefficient r may be set to about 0.95. 65 forward link, that the mobile station transmits to the base 

This is because the step S507 does not have effect if the station, represents information related to changing of a 

coefficient r is nearly equal to one. relative value such as increment of the forward transmission 
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power or decrement of the forward transmission power, the 
forward control command may represent an absolute amount 
without a relatively changing amount related to a control 
amount of the forward transmission power. 

Furthermore, although description has been made about a 5 
case of carrying out the soft handover where the mobile 
station establishes channels with two base stations, this 
invention may be applicable in the similar manner to a case 
where the mobile station carries out the soft handover with 
three or more base stations. to 

In addition, in the above-mentioned embodiments, when 
the mobile station establishes channels with a plurality of 
base stations, all of the base stations controls the forward 
transmission powers in response to the forward control 
command transmitted from the mobile station so that the 15 
forward transmission powers are equal to one another 
among the base stations. However, each base station may 
have, as an internal transmission power value, a value of the 
forward transmission power which is controlled so as to be 
equalized among the base stations. In this event, the actual 20 
power transmitted from a part of the base stations may be 
temporarily increased or decreased on the basis of the 
internal transmission power value. 

For example, in a case where a plurality of base stations 
transmit downward channel signals to one mobile station 25 
during execution of soft handover, the base station having a 
relatively larger propagation loss does not contribute to 
improvement of reception quality of the forward link in the 
mobile station although it simultaneously carries out trans- 
mission at the forward transmission power which is equal to 30 
that in other base stations. In addition, effect for increasing 
interference wave power for other mobile stations is similar 
to those in the other base stations. In order to restrain the 
interference wave power, the base station having a tempo- 
rarily large propagation loss from the mobile station tem- 35 
porarily sets the forward transmission power to be small 
compared with the internal transmission power value. 
Otherwise, the base station turns the forward transmission 
power back to the internal transmission power value. 

As another example, it will be assumed in a system in 40 
which the base station transmits the reverse control com- 
mand for increasing or decreasing the reverse transmission 
power to the mobile station that a signal from the mobile 
station in the base station has an excess reception quality 
when the base station transmits the reverse control command 45 
for decreasing the reverse transmission power in the mobile 
station. In this event, the base station sets the forward 
transmission power to be large compared with the initial 
transmission power value. Otherwise, the base station turns 
the forward transmission power back to the initial transmis- 50 
sion power value. 

This invention is applicable in the entirely similar manner 
to a case where the forward transmission powers increasing 
or decreasing in response to the forward control command 
transmitted from the mobile station is set to the internal 55 
transmission power value so as to be equalized among the 
base stations in the manner of the above-mentioned meth- 
ods. Accordingly, the transmission power control according 
to this invention is not only control of power itself radiated 
from the base antenna of the base station but also control of 60 
a value of the transmission power where the base station 
deals with the inside. 

In addition, there is a system where information of a 
plurality of types such as a control command part and a data 
part is included in one time slot transmitted from the base 65 
station and the base station transmits the information at 
different powers in accordance with the types. It is possible 
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in this invention not only to use the transmission power 
control of a part of such a time slot but also to use the 
transmission power control in a case of setting the same 
transmission power in all over the time slots. 

In the second through the tenth embodiments described 
above, the base stations have the maximum transmission 
powers which are equal to one another and all of the cells 
have sizes which are equal to one another. However, this 
invention may be applicable to a cellular system where the 
base stations have the maximum transmission powers which 
are different from one another and the cells have sizes which 
are different form one another. In this event, the power 
transmitted from the base antenna is set to a value obtained 
by multiplying the transmission power defined in the above- 
mentioned embodiments by a coefficient defined in each 
base station in accordance with the maximum transmission 
power. When the coefficients defined in the respective base 
stations are different from one another, the transmission 
powers before multiplying the coefficients approach one 
another and the powers radiated from the base antennas have 
values which are different from one another. However, to set 
the transmission power to the value obtained by multiplying 
the coefficient defined by the base station is equivalent to a 
case where an amplifier or an attenuator is mounted on the 
base antenna or to variation of the propagation loss. Inas- 
much as boundaries of the cells change in accordance with 
this, it is possible in the entirely similar manner to obtain 
diversity effect or the like according to this invention that is 
obtained in the boundaries of the cells. 

What is claimed is: 

1. A method of controlling transmission power in a 
cellular type mobile communication system comprising a 
plurality of cells, a plurality of base stations disposed in the 
respective cells, and a mobile station located in said cells, 
said mobile station carrying out communication with at least 
one base stations by establishing a channel between said 
mobile station and said at least one base station, said method 
comprising the steps of: 

receiving, in each base station, a control command for the 
transmission power from said mobile station while said 
mobile station establishes the channel with said at least 
one base station; 

increasing or decreasing, in each base station, the trans- 
mission power in response to the control command; and 

renewing, in each base station, the transmission power so 
that the difference between the transmission power 
after being increased or decreased and a predetermined 
reference power is r times as large as the difference 
between the transmission power before being renewed 
and the predetermined reference power. 

2. A method as claimed in claim 1, wherein the coefficient 
r is determined so that a product of a difference between a 
maximum value and a minimum value in a control range for 
the transmission power and another coefficient (1-r) is less 
than a changing step for the transmission power in a case of 
increasing or decreasing the transmission power in response 
to the control command. 

3. A method as claimed in claim 1, wherein the predeter- 
mined reference power is equal to a maximum transmission 
power. 

4. A method of controlling transmission power in a 
cellular type mobile communication system comprising a 
plurality of cells, a plurality of base stations disposed in the 
respective cells, a mobile station located in said cells, and a 
control station connected to said plurality of base stations, 
said mobile station carrying out communication with at least 
one base station by establishing a channel between said 
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mobile station and said at least one base station, said method 
comprising the steps of: 

receiving, in each base station, a control command for the 
transmission power from said mobile station while said 
mobile station establishes channels with said plurality 5 
of base stations; 

increasing or decreasing, in each base station, the trans- 
mission power in response to the control command; 

renewing, in each base station, the transmission power so 1Q 
that the differences in the transmission power of said 
plurality of base stations, after being increased or 
decreased, decrease and approach a reference power 
which is defined by said plurality of base stations in 
common; 1S 

calculating, in each of said plurality of base stations, a 
statistical value of the transmission power to transmit 
the statistical value to said control station; 

calculating, in said control station, a reference value 
indicating the reference power using the statistical 20 
values of said plurality of base stations to send the 
reference value to said plurality of base stations, the 
reference power having the reference value sent from 
said control station. 

5. A method as claimed in claim 4, wherein the reference 25 
power is equal to a maximum transmission power. 

6. A method as claimed in claim 4, wherein the reference 
power is equal to an intermediate power between a maxi- 
mum transmission power in dB and a minimum transmission 
power in dB. 30 

7. A method as claimed in claim 4, wherein the reference 
power is equal to a minimum transmission power. 

8. A method as claimed in claim 4, wherein said control 
station uses, as the reference value, a maximum one of the 
statistical values. 35 

9. A method as claimed in claim 4, wherein said plurality 
of base stations simultaneously carry out a renewal of 
transmission power. 

10. A method of controlling transmission power in a 
cellular type mobile communication system comprising a 40 
plurality of cells, a plurality of base stations disposed in the 
respective cells, and a mobile station located in said cells, 
said mobile station carrying out communication with at least 
one base station by establishing a channel between said 
mobile station and said at least one base station, said mobile 45 
station having an accumulated control value for the trans- 
mission power in said base station, said method comprising 
the steps of: 

receiving in each base station, a control command for the 
transmission power from said mobile station while said 50 
mobile station establishes channels with said plurality 
of base stations; 

increasing or decreasing, in each base station, the trans- 
mission power in response to the control command; 

renewing, in each base station, the transmission power so 
that the differences in the transmission power of said 
base stations, after being increased or decreased, 
decrease and approach a reference power which is 
defined by said plurality of base stations in common; 6Q 

renewing, in said mobile station, the accumulated control 
value on transmitting the control command for the 
transmission power to the base station; 

transmitting, from said mobile station, the accumulated 
control value to said plurality of base stations at a time 65 
interval which is longer than the repetitive time interval 
required to change the transmission power; and 



determining, in each of said plurality of base stations, the 
reference power using the accumulated control value 
received therein to use the reference power. 

11. A method as claimed in claim 10, wherein the refer- 
ence power is equal to a maximum transmission power. 

12. A method as claimed in claim 10, wherein the refer- 
ence power is equal to an intermediate power between a 
maximum transmission power in dB and a minimum trans- 
mission power in dB. 

13. A method as claimed in claim 10, wherein the refer- 
ence power is equal to a minimum transmission power. 

14. A method as claimed in claim 10, wherein said 
plurality of base stations simultaneously carry out a renewal 
of transmission power. 

15. A method of controlling transmission power in a 
cellular type mobile communication system comprising a 
plurality of cells, a plurality of base stations disposed in the 
respective cells, and a mobile station located in said cells, 
said mobile station carrying out communication with at least 
one base station by establishing a channel between said 
mobile station and said at least one base station, said method 
comprising the steps of: 

receiving, in each of said plurality of base stations, a 
control command for the transmission power from said 
mobile station while said mobile station establishes 
channels with said plurality of base stations; 

increasing or decreasing, in each of said plurality of base 
stations, the transmission power in response to the 
control command; and 

renewing, in each of said plurality of base stations, the 
transmission power so that the difference between the 
transmission power after being increased or decreased 
and the reference power defined in said plurality of 
base stations in common is r times as large as the 
difference between the transmission power before 
being renewed and the reference power. 

16. A method as claimed in claim 15, wherein the coef- 
ficient r is determined so that a product of a difference 
between a maximum value and a minimum value in a control 
range for the transmission power and another coefficient 
(1-r) is less than a changing step for the transmission power 
in a case of increasing or decreasing the transmission power 
in response to the control command. 

17. A method as claimed in claim 15, wherein the refer- 
ence power is equal to a maximum transmission power. 

18. A method as claimed in claim 15, wherein the refer- 
ence power is equal to an intermediate power between a 
maximum transmission power in dB and a minimum trans- 
mission power in dB. 

19. A method as claimed in claim 15, wherein the refer- 
ence power is equal to a minimum transmission power. 

20. A method as claimed in claim 15, said cellular type 
mobile communication system further comprising a control 
station connected to said plurality of base stations, wherein 
said method further comprises the steps of: 

calculating, in each of said plurality of base stations, a 
statistical value of the transmission power to transmit 
the statistical value to said control station; 

calculating, in said control station, a reference value 
indicating the reference power using the statistical 
values of said plurality of base stations to send the 
reference value to said plurality of base stations; and 

using, in each of said plurality of base stations, the 
reference power having the reference value sent from 
said control station. 

21. A method as claimed in claim 20, wherein said control 
station uses, as the reference value, a maximum one of the 
statistical values. 
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22. A method as claimed in claim 15, said mobile station 
has an accumulated control value for the transmission power 
in said base stations, wherein said method further comprises 
the steps of: 

renewing, in said mobile station, the accumulated control 5 
value on transmitting the control command for the 
transmission power to the base stations; 

transmitting, from said mobile station, the accumulated 
control value to said plurality of base stations at a time 
interval which is longer than a repetition time interval 10 
of a changing operation for the transmission power; and 

determining, in each of said plurality of base stations, the 
reference power using the accumulated control value 
received therein to use the reference power. 

23. A method of controlling transmission power in a 15 
cellular type mobile communication system comprising a 
plurality of cells, a plurality of base stations disposed in the 
respective cells, a mobile station located in said cells, and a 
control station connected to the plurality of base stations, 
said mobile station carrying out communication with at least 
one base station by establishing a channel between said 
mobile station and said at least one base station, said method 
comprising the steps of: 

repeatedly carrying out a first transmission power control 2S 
operation where said mobile station transmits a control 
command for the transmission power to said plurality 
of base stations while said mobile station establishes 
channels with said plurality of base stations and each of 
said plurality of base stations receives the control 3Q 
command to change the transmission power in response 
to the control command; 

repeatedly carrying out a second transmission power 
control operation which renews the transmission power 
so that the transmission power powers of said plurality 35 
of base stations have less differential and approach a 
reference power which is defined by said plurality of 
base stations in common; 

calculating, in said plurality of base stations, statistical 
values of the transmission power to transmit the sta- 40 
tistical values to said control station; 

calculating, in said control station, a reference value 
indicating the reference power using the statistical 
values of said plurality of base stations to send the 
reference value to said plurality of base stations; and 45 

using, in each of said plurality of base stations, the 
reference power having the reference value sent from 
said control station. 

24. A method as claimed in claim 23, wherein the refer- 
ence power is equal to a maximum transmission power. 50 

25. A method as claimed in claim 23, wherein the refer- 
ence power is equal to an intermediate power between a 
maximum transmission power in dB and a minimum trans- 
mission power in dB. 

26. A method as claimed in claim 23, wherein the refer- 55 
ence power is equal to a minimum transmission power. 

27. A method as claimed in claim 23, wherein said control 
station uses, as the reference value, a maximum one of the 
statistical values. 

28. A method as claimed in claim 23, wherein said 60 
plurality of base stations simultaneously carry out a renewal 

of the transmission power. 

29. A method of controlling transmission power in a 
cellular type mobile communication system comprising a 
plurality of cells, a plurality of base stations disposed in the 65 
respective cells, and a mobile station located in said cells, 
said mobile station carrying out communication with at least 



one base station by establishing a channel between said 
mobile station and said at least one base station, said mobile 
station having an accumulated control value for the trans- 
mission power in said base stations, said method comprising 
the steps of: 

repeatedly carrying out a first transmission power control 
operation where said mobile station transmits a control 
command for the transmission power to said plurality 
of base stations while mobile station establishes chan- 
nels with said plurality of base stations and each of said 
plurality of base stations receives the control command 
to change the transmission power in response to the 
control command; repeatedly carrying out a second 
transmission power control operation which renews the 
transmission power so that the transmission powers of 
said plurality of base stations have less differential and 
approach a reference power which is defined by said 
plurality of base stations in common; 

renewing in said mobile station, the accumulated control 
value on transmitting the control command for the 
transmission power to the base station; 

transmitting from said mobile station, the accumulated 
control value to said plurality of base stations at a time 
interval which is longer than the repetitive time interval 
required to change the transmission power; and 

determining, in each of said plurality of base stations, the 
reference power using the accumulated control value 
received therein to use the reference power. 

30. A method as claimed in claim 29, wherein the refer- 
ence power is equal to a maximum transmission power. 

31. A method as claimed in claim 29, wherein the refer- 
ence power is equal to an intermediate power between a 
maximum transmission power in dB and a minimum trans- 
mission power in dB. 

32. A method as claimed in claim 29, wherein the refer- 
ence power is equal to a minimum transmission power. 

33. A method as claimed in claim 29, wherein said 
plurality of base stations simultaneously carry out a renewal 
of the transmission power. 

34. A method of controlling transmission power in a 
cellular type mobile communication system comprising a 
plurality of cells, a plurality of base stations disposed in the 
respective cells, a mobile station located in said cells, and a 
control station connected to the plurality of base stations, 
said mobile station carrying out communication with at least 
one base station by establishing a channel between said 
mobile station and said at least one base station, said method 
comprising the steps of: 

repeatedly carrying out a first transmission power control 
operation where said mobile station transmits a control 
command for the transmission power to each of said 
plurality of base stations while said mobile station 
establishes channels with said plurality of base stations 
and each of said plurality of base stations receives the 
control command to change the transmission power in 
response to the control command; 

repeatedly carrying out a second transmission power 
control operation where each of said plurality of base 
stations renews the transmission power so that the 
absolute value of the difference between a reference 
power in dB defined by said plurality of base stations 
in common and the transmission power in dB decreases 
at a common rate in said plurality of base stations; 

calculating, in each of said plurality of base stations, a 
statistical value of the transmission power to transmit 
the statistical value to said control station; 
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calculating, in said control station, a reference value 
indicating the reference power using the statistical 
values of said plurality of base stations to send the 
reference value to said plurality of base stations; and 

using, in each of said plurality of base stations, the 5 
reference power having the reference value sent from 
said control station. 

35. A method as claimed in claim 34, wherein the refer- 
ence power is equal to a maximum transmission power. 

36. A method as claimed in claim 34, wherein the refer- 1Q 
ence power is equal to an intermediate power between a 
maximum transmission power in dB and a minimum trans- 
mission power in dB. 

37. A method as claimed in claim 34, wherein the refer- 
ence power is equal to a minimum transmission power. 

38. A method as claimed in claim 34, wherein said control 
station uses, as the reference value, a maximum one of the 
statistical values. 

39. A method as claimed in claim 34, wherein said control 
station determines the common rate in accordance with 
mutual differences among the statistical values of the plu- 
rality of base stations. 

40. A method as claimed in claim 34, wherein said control 
station determines frequency for renewing the transmission 
power by the common rate in accordance with mutual 
differences among the statistical values of the plurality of 
base stations. 

41. A method as claimed in claim 34, wherein said 
plurality of base stations simultaneously carry out a renewal 

of the transmission power. ^ 

42. A method of controlling transmission power in a 
cellular type mobile communication system comprising a 
plurality of cells, a plurality of base stations disposed in the 
respective cells, and a mobile station located in said cells, 
said mobile station carrying out communication with at least 35 
one base station by establishing a channel between said 
mobile station and said at least one base station, said mobile 
station having an accumulated control value for the trans- 
mission power in said base stations, said method comprising 
the steps of: 

repeatedly carrying out a first transmission power control 
operation where said mobile station transmits a control 
command for the transmission power to each of said 
plurality of base stations while said mobile station 
establishes channels with said plurality of base stations 45 
and each of said plurality of base stations receives the 
control command to change the transmission power in 
response to the control command; 

repeatedly carrying out a second transmission power 
control operation where each of said plurality of base 50 
stations renews the transmission power so that the 
absolute value of the difference between a reference 
power in dB defined by said plurality of base stations 
in common and the transmission power in dB decreases 
at a common rate in said plurality of base stations; 55 

renewing in said mobile station, the accumulated control 
value on transmitting the control command for the 
transmission power to the base station; 

transmitting from said mobile station, the accumulated 
control value to said plurality of base stations at a time 60 
interval which is longer than the repetitive time interval 
required to change the transmission power; and 

determining, in each of said plurality of base stations, the 
reference power using the accumulated control value 
received therein to use the reference power. 65 

43. A method as claimed in claim 42, wherein the refer- 
ence power is equal to a maximum transmission power. 
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44. A method as claimed in claim 42, wherein the refer- 
ence power is equal to wherein the reference power is equal 
to an intermediate power between a maximum transmission 
power in dB and a minimum transmission power in dB. 

45. A method as claimed in claim 42, wherein the refer- 
ence power is equal to a minimum transmission power. 

46. A method as claimed in claim 42, wherein said 
pluarality of base stations simultaneously carry out a 
renewal of the transmission power. 

47. A base station for use in a cellular type mobile 
communication system comprising a plurality of cells, a 
plurality of base stations disposed in the respective cells, and 
a mobile station located in said cells, said mobile station 
carrying out communication with at least one base station by 
establishing a channel between said mobile station and said 
at least one base station, said base station comprising; 

receiving means for receiving a control command for the 
transmission power from said mobile station while said 
mobile station establishes the channel with said at least 
one base station; 

changing means for changing the transmission power in 
response to the control command; and 

renewing means for renewing the transmission power so 
that the difference between the transmission power 
after being changed and a predetermined reference 
power is r times as large as the difference between the 
transmission power before being renewed and the pre- 
determined reference power. 

48. A base station as claimed in claim 47, wherein the 
coeflicient r is determined so that a product of a difference 
between a maximum value and a minimum value in a control 
range for the transmission power and another coefficient 
(1-r) is less than a changing step for the transmission power 
in a case of changing the transmission power in response to 
the control command. 

49. A base station as claimed in claim 47, wherein the 
prea^termined reference power is equal to a maximum 
transmission power 

50. A base station for use in a cellular type mobile 
communication system comprising a plurality of cells, a 
plurality of base stations disposed in the respective cells, and 
a mobile station located in said cells, said mobile station 
carrying out communication with at least one base station by 
establishing a channel between said mobile station and said 
at least one base station, said base station comprising; 

a receiving circuit for receiving a control command for 
the transmission power from said mobile station while 
said mobile station establishes the channel with said at 
least one base station; 

a changing circuit for changing the transmission power in 
response to the control command; and 

a renewing circuit for renewing the transmission power so 
that the difference between the transmission power 
after being changed and a predetermined reference 
power is r times as large as the difference between the 
transmission power before being renewed and the pre- 
determined reference power, 

51. A base station as claimed in claim 50, wherein the 
coefficient r is determined so that a product of a difference 
between a maximum value and a minimum value in a control 
range for the transmission power and another coefficient 
(1-r) is less than a changing step for the transmission power 
in a case of changing the transmission power in response to 
the control command. 

52. A base station as claimed in claim 50, wherein the 
predetermined reference power is equal to a maximum 
transmission power. 
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53. A base station for use in a cellular type mobile 
communication system comprising a plurality of cells, a 
plurality of base stations disposed in the respective cells, and 
a mobile station located in said cells, said mobile station 
carrying out communication with at least one base station by 5 
establishing a channel between said mobile station and said 

at least one base station, said base station comprising; 

receiving means for receiving a control command for the 
transmission power from said mobile station while said 
mobile station establishes channels with said plurality 10 
of base stations; 

changing means for changing the transmission power in 
response to the control command; and 

renewing means for renewing the transmission power so 15 
that the difference between the transmission power 
after being changed and a predetermined reference 
power is r times as large as the difference between the 
transmission power before being renewed and the pre- 
determined reference power. 2Q 

54. A base station as claimed in claim 53, wherein the 
coefficient r is determined so that a product of a difference 
between a maximum value and a minimum value in a control 
range for the transmission power and another coefficient 
(1-r) is less than a changing step for the transmission power 25 
in a case of changing the transmission power in response to 
the control command. 

55. A base station as claimed in claim 53, wherein the 
reference power is equal to a maximum transmission power. 

56. A base station as claimed in claim 53, wherein the 3Q 
reference power is equal to an intermediate power between 

a maximum transmission power in dB and a minimum 
transmission power in dB. 

57. A base station as claimed in claim 15, wherein the 
reference power is equal to a minimum transmission power. 35 

58. A base station for use in a cellular type mobile 
communication system comprising a plurality of cells, a 
plurality of base stations disposed in the respective cells, and 
a mobile station located in said cells, said mobile station 
carrying out communication with at least one base station by ^ 
establishing a channel between said mobile station and said 

at least one base station, said base station comprising; 

a receiving circuit for receiving a control command for 
the transmission power from said mobile station while 
said mobile station establishes channels with said plu- 4S 
rality of base stations; 

a changing circuit for changing the transmission power in 
response to the control command; and 

a renewing circuit for renewing the transmission power so 
that the difference between the transmission power so 
after being changed and a predetermined reference 
power is r times as large as the difference between the 



transmission power before being renewed and the pre- 
determined reference power. 

59. A base station as claimed in claim 58, wherein the 
coefficient r is determined so that a product of a difference 
between a maximum value and a minimum value in a control 
range for the transmission power and another coefficient 
(1-r) is less than a changing step for the transmission power 
in a case of changing the transmission power in response to 
the control command. 

60. A base station as claimed in claim 58, wherein the 
reference power is equal to a maximum transmission power. 

61. A base station as claimed in claim 58, wherein the 
reference power is equal to an intermediate power between 
a maximum transmission power in dB and a minimum 
transmission power in dB. 

62. A base station as claimed in claim 58, wherein the 
reference power is equal to a minimum transmission power. 

63. A mobile station for use in a cellular type mobile 
communication system comprising a plurality of cells and a 
plurality of base stations disposed in the respective cells, 
said mobile station located in said cells and carrying out 
communication with at least one base stations by establish- 
ing a channel between said mobile station and said at least 
one base station, said mobile station comprising: 

renewing means, having an accumulated control value for 
a transmission power in said base stations, for renewing 
the accumulated control value on transmitting a control 
command for the transmission power of the base sta- 
tions; and 

transmitting means, connected to said renewing means, 
for transmitting the accumulated control value to said 
plurality of base stations at a time interval which is 
longer than a repetition time interval of changing 
operation for the transmission power. 

64. A mobile station for use in a cellular type mobile 
communication system comprising a plurality of cells and a 
plurality of base stations disposed in the respective cells, 
said mobile station located in said cells and carrying out 
communication with at least one base stations by establish- 
ing a channel between said mobile station and said at least 
one base station, said mobile station comprising: 

a renewing unit, having an accumulated control value for 
a transmission power in said base stations, for renewing 
the accumulated control value on transmitting a control 
command for the transmission power of the base sta- 
tions; and 

a transmitting circuit, connected to said renewing unit, for 
transmitting the accumulated control value to said 
plurality of base stations at a time interval which is 
longer than a repetition time interval of changing 
operation for the transmission power. 
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